IIV1 O 

DEPARTMENT OF THE ARMY TECHNICAL MANUAL 



ULTIPLEX 
MAPPING 



10 60V. BOM. CHI li 





ACKNOWLEDGEMENT 

Acknowledgment is made to United States Geological Survey for 
material contained in this manual ; and to the Central States Forest 
Experiment Station, United States Forest Service, for 1 and 2, 
figure 35. 



TECHNICAL MANUAL 
No. 5-244 



HEADQUARTERS, 
DEPARTMENT OF THE ARMY 
WASHINGTON 25, D. C., 16 May 1962 



MULTIPLEX MAPPSNG 









Paragraph 




CHAPTEE 1. 


THEORY OF MULTIPLEX 


1-8 




2. 


MULTIPLEX EQUIPMENT 


9-20 




3. 


CALIBRATION AND ADJUSTMENT OF MUL- 








TIPLEX EQUIPMENT 


21-32 




4. 


PRELIMINARY OPERATIONS 


33-36 




5. 


ORIENTATION 






Section I. 


Introduction 


37-41 ' 




II. 


Exterior orientation relative 


42-50 




III. 


Exterior orientation absolute 


51-55 




CHAPTEE 6. 


MULTIPLEX TRIANGULATION 






Section I. 


Introduction ._ 


56-59 




II. 


Horizontal bridging. . 


60-78 




III. 


Vertical bridging 


79-89 




CHAPTEE 7. 


COMPILATION 






Section I. 


Introduction _ 


90-94 




II. 


Planimetry _ _ 


95-99 




III. 


Contours . _ 


100-107 




CHAPTEE 8. 


ACCURACY EVALUATION 






Section I. 


Introduction 


108-114 




II. 


Photographic equipment __ 


115-125 




III. 


Controlling errors _ 


126-129 




IV. 


Operator - .. . .. 


130-133 




CHAPTER 9. 


ADAPTING MULTIPLEX EQUIPMENT FOR 








OBLIQUE PHOTOGRAPHY 


134-149 




10. 


USE OF RECONNAISSANCE PHOTOGRAPHY 




. 




IN MULTIPLEX MAPPING EQUIPMENT. . 


150-160 


", 


11. 


DIAPOSITIVES 


161-169 


">> ' 


APPENDIX I. 


REFEREN CES 




' 










II. 


MULTIPLEX AND PICTURE DATA FOR 6" 




o 




CAMERA ... 




F' 


III. 


FLOATING CROSS USED IN RELATIVE 




fc 




ORIENTATION . __ 




t'. 1 


IV. 


STEREOVISION TESTS 




w ; 


V. 


MULTIPLEX SECTION FLOOR PLAN 







VI. 


ADJUSTMENT OF OBLIQUE EQUIPMENT... 







VII. 


MISCELLANEOUS EQUIPMENT.- .. 






VIII. 


SUPPLEMENTAL PH()T( )GRAPH Y 






IX. 


MULTIPLEX VAN S10CTION 






GLOSSARY 








INDEX . 







Page 

2 
9 

25 
34 

38 
40 
49 

56 
57 
75 

84 
88 
91 

97 

99 

111 

115 

118 

125 
135 
143 

146 

148 

149 
154 
155 
158 
164 
166 
173 
182 



THEORY OF MULTIPLEX 



1 . Purpose 

This manual serves as a guide for the operation of multiplex 
stereoscopic mapping equipment and for the employment of this 
equipment in the preparation of topographic map manuscripts. 

2. Scope 

a. This manual covers the theory, equipment, and techniques 
used in the multiplex method of mapping. It describes the equip- 
ment, explains the fundamental principles, gives detailed instruc- 
tions for operating the equipment, and discusses attainable accu- 
racies. A glossary of technical terms is included. This manual 
does not compare the merits of the multiplex method of mapping 
with other methods. TM 5-231 contains information needed to 
plan and execute a mapping project. 

6. Users of this manual are encouraged to submit comments or 
recommendations for changes to improve the manual. Comments 
should be keyed to the specific page, paragraph, and line of the 
text in which the change is recommended. Reasons should be pro- 
vided for each comment to insure understanding and proper evalu- 
ation. Comments should be forwarded directly to the Commandant, 
U.S. Army Engineer School, Fort Belvoir, Va. 

c. Information contained herein is applicable without modifi- 
cation to both nuclear and nonnuclear warfare. 

3. Development 

a. At first the use of aerial photographs for mapping was con- 
fined to obtaining planimetric information. This led to the use 
of large-coverage, multiple-lens cameras to plot additional con- 
trol and to fill in planimetric detail by the radial line method. 
Stereoscopic viewing of overlapping pairs of photographs was used 
only in studying the terrain, because no method was then avail- 
able in this country for precise measurements using stereoscopic 
models. 

b. Multiplex equipment was eventually adopted for military 
mapping compilations of high accuracy. The first multiplex equip- 
ment procured for military use was designed around the camera 
equipment then used by the Army Air Corps. The angle of coverage 
of mapping cameras used at that time was approximately 70. This 



development 01 cameras tu cover wmer angles conuiiueu anu suu- 
sequently produced a camera that covered approximately 93. This 
angle of coverage became known as wide-angle. In time, the wide- 
angle multiplex equipment made other equipment obsolete. Further 
references to multiplex equipment or techniques in this manual 
pertain to wide-angle equipment and techniques, unless otherwise 
stated. 

Safety Note. Certain procedures described in this manual utilize equip- 
ment and chemicals which, if used without certain precautions, may present 
hazards to operating personnel. To avoid accidents which might injure per- 
sonnel or the delicate equipment used in this field, supervisory and operating 
personnel must always be conscious of those factors which might pose likely 
areas of trouble. 

4. Stereoscopic Mapping 

a. Within certain limits, a stereoscopic view of any subject 
consists of two pictures of the subject which are taken from 
slightly different positions and mentally fused into one view. 
However, this view or "model" is generally not a true-to-scale 
reproduction of the subject. Each picture is a perspective view 
of the subject, the camera lens being the perspective center. 
To have a true perspective, one of the following must prevail: 
the taking lens must be without distortion or the inherent dis- 
tortions must be corrected by some means; the picture must be 
viewed through the taking lens; or the picture must be viewed 
through a lens exactly like the taking lens. To obtain a cor- 
rect stereoscopic model, two perspective views must be fused 
with exactly the same angular relationship that existed when 
the pictures were taken. This means the taking position and 
orientation of each picture must be recovered. Absolute re- 
covery is not possible by any system of direct measurement. 

b. A true stereoscopic model is formed from two correct per- 
spective views by projecting the pictures from the same or simi- 
lar cameras so that all rays from corresponding picture points 
intersect. To project, the proper image formation and to obtain 
a model that can be used for mapping, the following requirements 
are paramount : 

(1) Preparing an original transparent positive (diapositive) 
that does not appreciably change size, by using glass 
plate. 

(2) Projecting an image which duplicates exactly the optical 
properties of the taking camera at the required scale. 

(3) Orienting the two projections, precisely with relation to 



orientation. 

(5) Making measurements within the stereoscopic model, 
c. There are several methods of fulfilling the above require- 
ments. The multiplex method was adopted for military mapping 
after considering these factors : accuracy, simplicity, portability, 
operating speed, ease of obtaining and training operators, original 
cost, and operating cost. 

5. Theory 

The multiplex is a stereoscopic plotting instrument designed to 
reconstitute, in miniature, the geometric relationship between the 
ground, the lens, and the focal plane at the instant of exposure. 
Figure 1 shows the effect seen by the operator when these geo- 
metric relationships have been restored. The theory on which the 
multiplex is based was first demonstrated in France in 1858, but 
the application of the theory to map compilation is more recent, 
having to wait for the development of aircraft capable of carrying 
the camera and the development of the multiplex aeroprojector 
system for projecting the images. Stereoscopic views (par. 4) 
reconstitute for the viewer the three-dimensional effect of the 
original image. Various applications of this principle are now 
familiar in 3-D movies, advertising brochures, and comic books. 
Most of these applications are two-color (dichromatic) anaglyphs 
viewed through dichromatic filters. In some, the two colors are 
replaced by polarized imprints. But, whatever the specific medium 
used, the effect of three dimensional images is achieved by allow- 
ing each eye to see only one of a pair of images. When dichromatic 
images are projected and observed through dichromatic filters, the 
effect is, as shown in figure 1, that of a three dimensional "model." 
When a means of orienting this model is provided whereby distor- 
tions are removed and the model can be related to a base graphically 
constructed in conformance with control points, it is then possible 
to measure distances and elevations in the model with acceptable 
accuracy. 

6. Optical Considerations 

The lenses in aerial cartographic cameras are compound, con- 
sisting of two or more elements made of different kinds of glass, 
ground with different radii of curvature, and either cemented to- 
gether or separated by an air space. When light rays travel from 
air into glass and from glass into air, as when passing through a 
lens, they are bent or refracted at an angle determined by the 




Figure 1. The effect, of a three dimensional spatial model. 



the lens surface. When parallel rays of light enter a well-de- 
signed and accurately constructed lens, they are bent so that they 
change direction and converge. For each lens there are two points 
at which the converging rays of light have identical geometric re- 
lationships. These two points are called nodes or nodal points 
and are further differentiated as incident node and emergent node. 
A ray of light emerging from the second (emergent) node is 
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aerial camera is referred to as me equivalent jocai lenyui ui 
lens used. The plane of best average definition is called the focal 
plane and is the plane in which images of points in the object field 
of the lens are focused. Figure 2 shows, schematically, these rela- 
tionships. 
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Figure 2. Geometric relationships. 



7. Application of Multiplex Method 

The multiplex is applicable to most mapping projects. It can 
be used in the preparation of maps at all scales and all contour 
intervals, The practical limits of scale and contour interval 
depend upon the altitude of photograph. With low altitude photog- 
raphy, scales as large as 1 : 3,000 with a contour interval as small as 
5 feet can be compiled. Normal military missions at altitudes of 
25,000 feet or higher require that plotting be performed at a scale 
of 1 :20,000 or smaller, with a contour interval of at least 50 feet. 
The following is a broad generalization of the steps employed by 
the multiplex method in converting topographic detail from the 
aerial photographs to an orthogonal drawing. Thus, the contour 
interval, which is often the controlling factor, roughly determines 
the necessary flight height, and this in turn rather closely deter- 



that can be obtained from the instrument within the generally 
accepted standard of accuracy for topographic maps. In theory it 
should be possible to calculate the maximum C-factor for any 
stereoscopic plotting instrument when its various characteristics 
are known. However, in practice, the maximum C-factor cannot 
easily be determined because it is affected to such a large extent by 
other factors that have no particular connection with the plotting 
instrument itself. Some of these are: the amount and type of 
control, the accuracy standard to be complied with, the type of 
terrain, atmospheric conditions, quality of photography, and the 
likelihood of errors in other phases of the process. The actual 
C-factor used for compilation varies over wide limits for the same 
reason, and for other reasons, such as the necessity of planning 
flights within prescribed boundaries or the necessity of utilizing 
photography not specifically planned for a project. Based on ex- 
perience, a value of 600 is generally considered to be a safe limiting 
value for the multiplex C-factor, under average conditions. Once 
the flight height is established, the multiplex model scale is gov- 
erned solely by the projection distance of the multiplex projector, 
which distance can be varied only insofar as the depth of focus of 
the lens permits. 

a. The multiplex method of mapping uses transparent positives 
(diapositives) prepared from negatives of aerial photographs. A 
reduction printer correlated to the optical qualities of the aerial 
camera lens produces corrected diapositives suitable for use in 
multiplex projectors. 

b. The multiplex equipment recreates the natural terrain fea- 
tures at a reduced scale by optically projecting overlapping aerial 
photographs oriented to each other and to pertinent data. Each of 
the diapositives is positioned on the focal plane stage of a projector. 
Light passes through the diapositives, then through the optical sys- 
tem of the projector to project the image of the terrain in a manner 
which is geometrically similar to the original photographic process, 
but optically reversed. 

c. A true reduced scale reproduction of the terrain and of the 
angular and space relationships between the terrain and the 
camera stations is restored in miniature in the double projection. 
This is done by properly orienting the two projected images with 
respect to plotted points representing known positions on the 
ground. 

d. This spatial model (fig. 1) is viewed stereoscopically, meas- 
urements are made within the model, and thp rlpfail shnwn in fVio 



a. rnotograpns usea in multiplex mtippmg 

while the optical axis of the camera is vertical or nearly vertical. 
To maintain the vertical position, the camera is suspended in a 
mount over an opening in the bottom of the airplane fuselage. The 
mount provides a system for leveling the camera to hold its optical 
axis vertical, and for rotating the camera about its axis to keep the 
axis of the focal plane parallel to the direction of flight. 

b. To compile a topographic map with multiplex equipment, it 
is essential that the most complete stereoscopic coverage possible 
of the area be made by aerial photography. Suitable photography 
usually results when adjoining photographs have an average over- 
lap of 60 percent along the line of flight, and an average sidelap of 
20 percent between adjoining flight lines. The percentage of side- 
lap specified depends on the terrain, the accuracy of flight maps, 
and the experience of the photographic crew. Crab and tilt can be 
tolerated to the extent that the photography will give complete 
stereoscopic coverage. Excessive crab and tilt make orientation 
of the multiplex models more difficult. The flight altitude should 
be as constant as is consistent with good photographic conditions. 
However, large variations in altitude may sometimes be com- 
pensated for with the multiplex equipment. 



o. Photography 

a. Photographs used in multiplex mapping are normally exposed 
while the optical axis of the camera is vertical or nearly vertical. 
To maintain the vertical position, the camera is suspended in a 
mount over an opening in the bottom of the airplane fuselage. The 
mount provides a system for leveling the camera to hold its optical 
axis vertical, and for rotating the camera about its axis to keep the 
axis of the focal plane parallel to the direction of flight. 

b. To compile a topographic map with multiplex equipment, it 
is essential that the most complete stereoscopic coverage possible 
of the area be made by aerial photography. Suitable photography 
usually results when adjoining photographs have an average over- 
lap of 60 percent along the line of flight, and an average sidelap of 
20 percent between adjoining flight lines. The percentage of side- 
lap specified depends on the terrain, the accuracy of flight maps, 
and the experience of the photographic crew. Crab and tilt can be 
tolerated to the extent that the photography will give complete 
stereoscopic coverage. Excessive crab and tilt make orientation 
of the multiplex models more difficult. The flight altitude should 
be as constant as is consistent with good photographic conditions. 
However, large variations in altitude may sometimes be com- 
pensated for with the multiplex equipment. 



9. Photographic Equipment 

The camera used in producing photography for multiplex map- 
ping must be manufactured and calibrated to a degree of precision 
at least equal to the degree of accuracy for which the multiplex is 
designed. 

10. Site for Use of Multiplex Equipment 

a. Since the use of multiplex in mapping consists of precise 
measurements made with delicate instruments, it is important to 
select a location where operators and equipment can function with 
a minimum of interference. The primary requirement for the loca- 
tion is freedom from vibration. A ground floor location having a 
solid foundation and concrete floors makes an excellent site. 

b. A room approximately 1.0 by 12 feet, with proper facilities 
for ventilation, should be provided for each multiplex unit. Air 
conditioning to control dimensional changes in the map compilation 
medium is desirable (app. V). 

c. Electrical outlets are necessary for the voltage regulator, the 
cooling unit, a table lamp, an overhead light, a ventilating fan (if 
necessary), and a circulating fan. Switches should be located con- 
veniently for use by the operator. 

d. The layout for a multiplex mapping organization varies with 
the facilities available. It includes a sufficient number of multiplex 
rooms to utilize the equipment, one or more darkrooms, one or more 
drafting rooms, a stock room, a repair room, filing space, and offices 
as required. Sufficient darkroom space, equipped with hot and cold 
water and sewer connections, should be provided for the making 
of diapositives and contact prints. The drafting room or rooms 
should be sufficient size to provide for drafting, editing, plotting, 
and layout work, 

1 1. Components of Multiplex Equipment 

a. This manual describes in detail only those items which are 
integral components of the multiplex system. Supplementary 
equipment common to conventional drafting, photographic, or com- 
puting procedures is omitted. 

6. .Topographic units equipped with multiplex are issued six 
different sets of equipment, as listed In DA supply manuals SM 
5-4-6675-S19 through S24. The sets are designed to perform the 
following operations: S19, control; S20, drafting; S21, photo- 



c. sei zz is a complete multiplex unit tor compiling detail on 
the map manuscript and includes the following items of equipment : 

(1) 2 adapters. 

(2) 1 cooling unit. 

(3) 1 fan, circulating, desk. 

(4) 1 frame. 

(5) 1 voltage control unit. 

(6) 1 platen. 

(7) 1 set of projectors (3 to a set) . 

(8) 2 spectacles (1 temple frame and 1 clip-on frame) . 

(9) 1 stereoscope. 

(10) 1 table. 

(11) 1 tracing table. 

d. Set 19 is a multiplex: unit for extending control. It is similar 
to set 22, but has 8 adapters and 2 each of the cooling units, 
nadirscopes, stereoscopes, tables, tracing tables, and a double 
frame. In addition, set 19 contains a fan, height gage, indicator 
dial, spectacles, and 4 sets of projectors (3 per set). 

e. Set 21 contains the reduction printer, rectifier, and all photo- 
graphic equipment requ ired for preparing diapositives and contact 
prints from aerial negatives. Set 20 consists of drafting tools and 
supplies for use of the; multiplex operator in preparing the map 
manuscript. Sets 23 and 24 are concerned with maintenance, re- 
pair, and replacement parts. 

1 2. Reduction Printer 

The reduction printer is essentially a reducing camera of high 
precision used to prepare the diapositives (positive transparencies 
of the aerial photographs on g-lass plates) required by the multi- 
plex projectors. The following functions are particularly impor- 
tant in enabling the multiplex projectors to achieve the geometric- 
ally parallel reproduction of nature which is an essential principle 
of the multiplex. 

a. Reduction of Negative Size. The reduction printer reduces 
an aerial photograph approximately according to the ratio : 

Focal length of camera 
Principal distance of projectors 

More precisely, the reduction setting of the printer is based on 
the principal distance of the aerial negative, rather than on the 
focal length of the camera. Thus the effect of film shrinkage is 
taken into account. Since the cone of rays emanating from a pro- 
jector must be geometrically similar to the original cone that 



tance ot the diapositive must be equal to the principal distance 
of the projectors. To accomplish this, provision is made for 
setting the reduction ratio precisely. If the reduction ratio were 
not accurately set, the projected cone of rays would be either 
slightly elongated or slightly flattened, with the result that the 
horizontal scale of the model would be slightly in error with 
respect to the vertical scale. With the proper reduction ratio, the 
vertical and horizontal scales will be equal. 

b. Distortion Compensation. Two models of the multiplex re- 
duction printer are now available. The earlier model was designed 
to introduce a distortion calculated to reduce the nominal lens 
distortion inherent in a 6-inch metrogon lens to as near zero dis- 
tortion as possible. The newer model is equipped with inter- 
changeable upper pressure plates ; one of these is installed for use 
with distortion-free photography while the other plate (together 
with a spacer ring) is used with metrogon photography (fig. 3). 
Figure 4 illustrates the functions of distortion compensation and 
reduction of negative size in recovering the same angle between 
two projected rays as existed between the corresponding rays in 
nature; while figure 5 shows graphically the distortion correction 
of the printer for use with negatives taken with the metrogon lens. 

c. Addition of the Principal Mark. The reduction printer is the 
source of the small cross printed on the diapositive, marking the 
principal point of the photograph. The original of this mark is 
etched on a glass plate in the negative plane of the printer. It is 
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Figure 5. Radial distortion curves camera and printer. 

the responsibility of the printer operator to position the negative 
before a diapositive is exposed, by alining the fiducial marks on 
the negative with certain collimating lines on the plate glass. 

1 3. Projector 

An understanding of the multiplex projector optical system will 
be aided by reference to figure 6, which shows diagrammatically 
the path of a ray of light through the optical system. The essential 
parts of the multiplex projector shown in figure 6 are: the light 
source, the color filter, the condenser lenses in the condenser hous- 
ing, and the camera body containing the projection lens and the 
diapositive stage.- Since 1947, the Corps of Engineers has procured 
multiplex projectors without a stage plate. The camera body is 
sometimes called the "projector cone" or "lens cone." In a discus- 
sion of multiplex operation, it is convenient to distinguish between 
the two main assemblies : the condenser housing and the base or 
body. The components of this base portion of the projector will be 
described first. 
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the loss of definition, is hardly perceptible. This depth of focus is 
necessary because the tracing table platen on which the projected 
image is viewed must be raised and lowered within the limits of the 
variations in relief in the stereoscopic model. 

b. Diapositive Stage and Centering' Mechanism. The diapositive 
is supported in the projector at a fixed distance above the pro- 
jector lens. In the projector without the glass stage plate (fig. 
7), the diapositive is supported upon four bosses, one under each 
corner, which duplicate those used to support the diapositive in 
the reduction printer. In the later model, these bosses are mounted 
in a frame which surrounds the diapositive and in which the dia- 
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Figure 8. Diapositive stage. 

positive can be securely fastened. Centering adjustment screws 
(2, fig. 7) slide this frame in its own plane, perpendicular to the 
lens axis, so that the principal point of the diapositive can be 
alined with the principal point of the projector. 

c. Principal Point Indicating Device. One of the great differ- 
ences to be found among recent designs of the multiplex projector 
is in the device employed to indicate the principal point. Two dif- 
ferent indicating devices are briefly described below. 

(1) Centering arm. The centering arm device may be seen in 
figure 8. The principal point (interior orientation mark, 



etched on a glass reticle mounted on a movable arm. 
Normally out of the field of view, this arm is pivoted at 
the end so that it may be swung out beneath the diaposi- 
tive by an external release screw (7, fig. 8). Releasing 
the arm against the stop automatically places the dot at 
the principal point of the projector. 

(2) Stage plate. In the stage plate type of projector, the dia- 
positive is supported, not upon bosses, but upon a glass 
plate called a stage plate. Spring clamps force the dia- 
positive down against this plate ; the centering mechanism 
moves only the diapositive itself. A disadvantage of this 
arrangement is that in time the stage glass may become 
scratched from the diapositive sliding upon it. The 
advantage of the stage plate is that the marking of the 
principal point, or dot, is on the upper side of the stage 
glass. 

d. Projector Supporting Bracket. In addition to supporting 
the projector on the multiplex frame, the bracket provides the body 
with six freedoms of motion three of translation and three of 
rotation which are essential to the complete recovery of the photo- 
graph orientation. The supporting bracket provides translational 
motions through an L-shaped arrangement of two sliding members : 
a horizontal arm, or y slide (11, fig. 7), and a vertical arm, or z 
slide (14, fig. 7). The whole assembly is designed to be hung on the 
x slide of the multiplex bar along which it can be moved in the x 
direction. Although the orientation of these three slides with 
reference to some fixed part of the multiplex supporting table 
changes slightly with tilt of the supporting frame, the orientation 
of the slides serves to designate the x, y, and z directions sufficiently 
well for descriptive purposes. In certain instances, it may be con- 
venient to assume an explicit orientation of one or more axes with 
reference to the supporting table, or to the model air base, or to 
some other designated element. The knobs that control the trans- 
lational motions are grouped at the rear of the projector: knob 
(9, fig. 7) drives the projector in x; knob (10, fig. 7) drives it in y; 
and knob (8, fig. 7) drives it in z. The projector is mounted in 
a gimbal affixed to the front of the y slide. This mount permits 
the camera body to be rotated about three axes that normally are 
perpendicular to one another. Rotation of the camera body with- 
in the inner ring of the gimbal is about a z axis and is called 
swing. Rotation of the inner ring is about an x axis, secondary 
axis, and is called x tilt. Rotation of the outer ring is about a y 



body to be rotated manually through a full circle. 

e. Lamp Houses. The earlier multiplex lamp house design places 
the bulb socket at the very top, in which a T-8 bulb is mounted 
base up. The condensing system does not include the reflector. In 
the newer style projector, a prefocused G-IG 1 /^ bulb is mounted 
horizontally. This change not only permits a reflector to be used 
for added concentration of light, but also provides better ventila- 
tion for the bulb. A fitting to which an air hose can be attached is 
provided on both types of lamp housing, although forced air cooling 1 
is not required by the newer type lamp house. Adjustments are 
provided on the bulb mount for focusing the maximum light upon 
the aperture of the projection lens. The small size of the aperture 
opening limits the size of the filament of the bulb, and indirectly 
limits the filament voltage rating. 20-volt bulbs are now commonly 
used. The color filter (1, fig. 7) is inserted in a slot below the bulb 
and above the condenser lenses. Filters of red glass are inter- 
changeable with filters of blue glass, so that complementary colors 
for the projection of the stereoscopic pair of photographs can 
always be provided. 

14. Tracing Table 

a. Function. The multiplex tracing table shown in figure 9 
provides the means of relating the stereoscopic model and the 
manuscript. It forms the connecting link between these two. Essen- 
tially, the tracing table provides a screen on which the projected 
model can be viewed ; a floating mark (2, fig. 9) ; a height indicating 1 
counter (15, fig. 9) ; a plotting pencil (9, fig. 9) ; and a horseshoe 
base (6, fig. 9). 

b. Screen and Floating Mark. The platen, or viewing screen, 
is a circular plate about 3V-2 inches in diameter. The floating mark 
is a single luminous dot, formed by light from a small bulb beneath 
the platen shining through a hole in the platen, approximately 
0.004 inch in diameter. Recently, an improved floating mark has 
been developed by mounting a small sapphire in this hole to 
disperse the light through a wider angle. The intensity of the 
luminous mark can be varied by a rheostat (5, fig. 9) mounted on 
the base. 

c. Height-Indicating Scale. The height of the floating mark 
can be varied by turning the elevating wheel (13, fig. 9) which 
drives the platen mount. The vertical movement of the platen may 
then be shown by one of several types of height-indicating mecha- 
nisms now in use. One device is the vernier type, with a scale 







Figure 9. The multiplex tracing table. 



engraved directly on the left column of the tracing table to in- 
dicate the millimeter travel and afford a minimum reading of 0.1 
millimeter. In the second type; the vernier and scale have been 
replaced by a counter geared directly to the elevation screw which 
also indicates the millimeter travel of the platen. The third type 
of indicator also employs the counters, but is equipped with inter- 
changeable gears to change the ratio between elevation screw and 
counter to afford direct foot or meter readings at commonly used 
compilation scales. When changing from fixed ratio counters 
to vernier type, the conversion from millimeter readings to either 
meters or feet is readily made from tables, prepared in advance, 
that list for each foot or meter the equivalent millimeter value 
at each of the commonly used scales. 

d. Plotting Pencil and Base. The plotting pencil is supported 



manuscript the orthographic projection o any point in me model 
at which the floating mark is placed. The pencil can be lifted from 
or lowered to the manuscript by means of the ring or button 
(not shown) at the rear of the base. A thumb bar (12, fig. 9) 
helps to steady the lowering motion. A weight can be placed on 
the pencil chuck to increase the pressure. A 6-8-volt bulb in 
each side of the base lights a small area of manuscript around 
the plotting pencil. A switch (11, fig. 9) controls these lights and 
the light provided to illuminate the height scale. These three lights 
are usually wired in series to operate from the 20-volt supply. The 
tracing table slides easily over the manuscript on small agate feet. 
Provision is made for adjusting these feet, together with the plot- 
ting pencil, to insure that the pencil is perpendicular to the table 
and centered below the floating mark at all times. 

15. Supporting Frame 

a. Function. The multiplex supporting frame consists of a 
horizontal bar and one or more uprights that support this bar 
over the multiplex table. In addition to supporting the projectors, 
one of the functions of the frame is to tilt all the projectors as a 
unit, thereby providing a simple means of leveling either a model 
or a strip. 

b. Bar. The multiplex bar is 7 feet long and spans the table 
lengthwise. Attached to and extending the full length of the bar 
is a smooth track upon which the projectors can be hung and along" 
which they can be slid in an x direction. A rack running the full 
length of this x slide engages a pinion gear on each projector to 
provide a means of driving the projectors along the slide. Some 
7-foot bars are so made that two may be joined together to form a 
longer bar. Such a frame is more easily transported than one with 
a single 14-foot section. It has an operational disadvantage in that 
the center support makes leveling by means of the frame more 
difficult. 

c. Uprights. The space beneath the projectors must be unob- 
structed; therefore, the multiplex bar is supported by uprights 
at each end, or in cantilever fashion by one or more uprights at 
the back of the table. The inverted T-frame supports each end 
of the bar on a vertical, threaded post. This bar can be inclined 
lengthwise by handwheels which regulate the height of each end in- 
dependently. The base of each upright is supported on foot screws 
by which the entire frame can be tilted in any direction. One of 
the posts is usually pivoted at its junction with the base; other- 
wise, the four-point support frame would make it possible to put 



16. Supporting Table 

a. Table Top. Multiplex table tops are uniformly about 3 feet 
wide, measuring from front to back, and 7 feet in length. Longer 
supporting frames can be placed on two tables that have been 
placed end to end and carefully alined. The primary requirement 
of the table top is that its upper surface must be flat within a 
few thousandths of an inch, because this surface is the datum 
plane of the instrument. Aluminum table tops are reinforced by 
heavy ribs cast into the underside. The legs can be fastened di- 
rectly to the top casting. Each leg must be carefully adjusted 
after the table is set up, to eliminate any warp or bending of the 
top surface. 

b. Table Frame. The metal top must be supported on a frame, 
preferably one of steel, as the weight of the table plus the weight 
of the multiplex bar and projectors is considerable. The multiplex 
table frame is provided with adjustable feet, so that all the legs 
can be brought to bear equally upon the floor. If desired, the plane 
of the table top can be established as a truly horizontal plane by 
means of these foot adjustments. It is not necessary to have the 
table top exactly leveled except in unusual instances when some 
gravity-dependent device such as a plumb bob or a spirit level is 
to be used in connection with the orientation of the projectors and 
model. 

17. Filter Spectacles 

The filter spectacles which the observer must wear to see the 
stereoscopic model have one red lens and one blue lens. The red 
lens is always plane; the blue lens is now made with a slight 
negative correction to balance the refraction of the two colors. 
For the observer's convenience in viewing consecutive models with- 
out having to exchange the projector filters, the spectacles are 
reversible. 

18. Electrical System 

a. Components. The multiplex electrical system usually con- 
sists of a transformer, a voltage regulator containing two or 
more selector switches and two or more rheostats, a multiple out- 
let strip along the top or back of the horizontal bar, and the inter- 
connecting wiring. The function of the transformer is to reduce 
the line voltage to the maximum required by the various light 
bulbs. The selector switches are wired to the multiplex outlets, 



operated on 20 volts. In order to reduce the line voltage to this 
and also provide means for regulating the intensity of illumina- 
tion of the various projectors, a voltage regulator is included as 
part of the equipment. Voltage regulation of individual projec- 
tors makes possible equalization of illumination of the two pro- 
jectors in any portion of the model being worked, thus improving 
the stereoscopic impression of the terrain. It is desirable to 
use the maximum illumination available, but portions of a model 
may require a decrease of the illumination of one projector to 
obtain equal lighting. The dial type regulator has a box 14 by 23 
by 20 cm, which contains the transformer, and a box 21 by 28 
by 11 cm, which contains the regulator unit. Three cable con- 
nections are provided : one on the primary side of the transformer 
for connection to the source of the power ; a second for connecting 
the transformer and the regulator; and a third for connecting the 
regulator to the frame by means of the 13-conductor plug. The 
switch located on the transformer unit disconnects the transformer 
from the line. The regulator unit is provided with four circuits, 
A, B, C, and D, each of which can be used to supply current to any 
of the ten numbered outlets of the frame by setting the selector cor- 
responding to the outlet which it is desired to light. Each cir- 
cuit is controlled by a toggle switch. A rheostat is provided on 
each circuit to control the intensity of illumination. By means 
of the voltmeter selector switch, the voltage of any of the four 
circuits may be read on the voltmeter. The maximum voltage which 
can be supplied at the outlets on the frame is approximately 21.5 
volts with four lamps on. The rheostat will reduce this voltage to 
8 volts. When the rheostat is set at the index mark, the normal 
voltage for the lamps, 20 volts, is being supplied. At 21.5 volts, 
the intensity of illumination is increased, but the life of the lamp is 
decreased. An additional circuit which serves those outlets on the 
frame marked (or T and L) supplies 21.5 volts at all times. 
Each of the five circuits is fused with a 10-ampere fuse located on 
the fuse block. The line is fused by a 6-ampere fuse. A shielded 
lamp, controlled by a switch, serves to illuminate the regulator 
unit. Since the dial type regulator is very light and easily moved, 
it is normally set on the multiplex table. 

19. Cooling System 

Forced air cooling for the multiplex projector without glass 
stage plate is optional. The older type multiplex projector with 
glass stage plate requires cooling to dissipate the heat generated 



header to which several hoses can be connected. A large hose con- 
nects the header either to an individual fan or in plants having 
several multiplex units, to an air duct connecting all the units 
to a central fan. The cooling system can be either a blower or a 
suction type system. An advantage of a system that blows air into 
the projector is that a filter can be used on the air intake to 
catch the dust that otherwise would be sucked into the lamp house, 
where it would accumulate on the filter and upper condenser lens, 
and rapidly decrease the efficiency of the lighting system. In 
order to dissipate the heat produced by the 100-watt projector 
bulbs, a cooling unit is supplied with each frame. Two types are 
used, one producing the cooling effect by suction, and the second 
by blowing ; the latter is supplied on latest procurement. 

a. Suction Type. The suction type cooling unit is equipped 
with a 76-mm olive-drab sleeve on the suction side for connection 
with the 76-mm hose, which is supplied as part of the frame. The 
discharge pipe is threaded on the inside for a 64-mm pipe con- 
nection. The blower is directly connected to a %-hp, 1-phase, 60- 
cycle, 110/220-volt motor which operates at 3,450 rpm. The motor 
should be operated on 220 volts if possible. In order to lessen the 
noise and decrease vibration, the possibilities of locating the 
suction type cooling unit, either on the ground outside the build- 
ing or on the roof, should be considered in selecting the site for 
the multiplex rooms. To house the units, there should be provided 
a waterproof shelter so constructed that the motor is ventilated 
and easily accessible for servicing. Piping connections from the 
multiplex rooms to the blower can be galvanized iron or ordinary 
black pipe, and should be kept as short and straight as possible. 
Care should be taken that all joints and seams are airtight. If 
it is found impracticable to install the cooling units outside the 
multiplex rooms, the noise and vibration can be reduced by ex- 
hausting the air through a muffler. A satisfactory muffler can be 
constructed by putting a series of baffles in a box constructed 
of celotex or a similar material. Vibration can be reduced by 
mounting the blower on sponge rubber. The 76-mm (diameter) 
hose should be placed so that it does not touch the multiplex table or 
frame, as vibration in the hose would be transmitted to the pro- 
jectors and cause parallax in the multiplex models. 

b. Blower Type. The blower type of cooling unit produces its 
cooling effect by forcing air through the cooling header of the 
frame and the projectors. It is operated while mounted in its case. 
A zigzag filtering units fits over the top opening. The incoming air 



of the frame. The opening may be covered by a plate when the 
unit is not in use. The blower is directly connected to a l /n-hp, 
1-phase, 60-cycle, 110/220-volt motor which operates at 3,450 rpm. 
The plug for the electrical connection and an OFF-and-ON switch 
are located in the recess. The wooden top is fastened to the case 
by four clamps. Inside the top are two flat compartments for hold- 
ing two spare filtering units and 6 meters of electrical cable for 
connection from the unit to the power outlet. A few blowers in 
service are not equipped with the filtering unit. Rock wool is 
used as insulation between the wooden case and the galvanized-iron 
liner. The blowers are removed from their cases during opera- 
tion. The installation of the blower cooling unit presents no 
problem, since the noise of the blower is not objectionable. This 
blower can be placed in any convenient location where it can be 
connected to the cooling header of the frame. The %-hp motor is 
equipped with ball bearings packed with grease. The old grease 
should be cleaned out once a year and the bearings repacked. The 
V-j-hp motor has wool-packed bearings which should be oiled every 
two weeks. 

20. Care of Equipment 

Tools are provided for setting up the instruments for opera- 
tion, and for making minor adjustments. Adjustments and repair 
of the instruments should not be attempted by anyone who is not 
thoroughly familiar with construction and operation features. 
Too much emphasis cannot be placed on the importance of care in 
handling instruments. It is the duty of each operator to keep 
his equipment clean and properly lubricated. The threads of 
tangent screws, the projector slides, and the vertical columns 
of the tracing table are particularly likely to collect dust and 
grit and should be frequently cleaned and lubricated. Glass sur- 
faces should never be rubbed with a rough cloth or touched with 
the fingers, as the glass may be permanently scratched. Special 
cleansing tissue or a soft lintless cloth should be used to clean the 
glass surfaces after they have been dusted with a clean camePs- 
hair brush. Special care must be taken in this respect when placing 
diapositives on the stage glass. Thoroughly dust the stage glass 
and the diapositive immediately before placing the diapositive in 
position. 



CALIBRATION AND ADJUSTMENT OF MULTIPLEX 

EQUIPMENT 



21. Introduction 

The procedures involved in calibrating and adjusting multiplex 
equipment are normally of two classes: routine procedures, or 
those which are the responsibility of the multiplex operator; 
and laboratory procedures, or those requiring the use of special 
tools and equipment in the hands of skilled technicians. Routine 
procedures will be described in this chapter. A detailed discussion 
of laboratory procedures is beyond the scope of this manual ; how- 
ever, those methods that the multiplex operator can use for 
roughly checking laboratory calibrations are listed in paragraph 
24. 

22. Setting Up 

After the multiplex table is set up, the first step is to level 
the table. The table top is the reference plane and could be used 
in a tilted position, but the level position is usually more con- 
venient in setting up the remainder of the apparatus. The frame 
is set up on the table, on the far side from the operator, and the 
cross bar is leveled. Projectors are hung on the frame by means 
of projector brackets. A turn of the x motion insures proper 
meshing of the pinion on the rack. The z slide is set at approxi- 
mately the center of its range of travel and the height of the 
projectors is adjusted by raising or lowering the bar until the 
projector lenses are all approximately 360-mm above the surface 
of the tracing table in the middle of its range. Each projector 
is then approximately leveled with a spirit level if available, 
otherwise by sight. The best starting position for all projectors 
is that obtained when it is assumed that the flight altitude was 
constant and the camera was vertical. 

23. Lighting 

a. Lampheads, lamps, and condensers are assembled. With the 
camel's-hair brush, dust is removed from all glass surfaces within 
reach. The condenser is carefully slipped over the top of the 
projector body, the cooling attachment connection is made, and 
the light cable plugged into a proper socket on the frame. 

6. Each projector is then adjusted for even illumination, to 



to the condenser and the lens opening- (pars. 28 and 29). The 
illumination is correct when the field is clear, or when only a 
slight, evenly distributed color remains in the corners. 

24. Adjusting the Setup 

Adjustments that primarily afect the convenience with which 
visual observations can be made are listed below. Anything- hinder- 
ing the operator's observations may result in errors in the map 
compilation as serious as errors due to faulty calibration of the 
equipment. When a complete adjustment and check of equipment 
is made, it is important that the order in which these operations are 
listed be followed closely. Items g and k below are highly critical 
to the accuracy of the compilation. 

a. Adjust the floating mark bulb. 

6. Check the vertically of the tracing table columns. 

c. Center the plotting pencil. 

d. Orient the axis of the filament coil (in the newer type lamp 
house only) . 

e. Position the projector bulb. 

/. Check the adjustment of the reflector (in the newer type lamp 
house only). 

g. Check the principal distance of the projector. 

h. Check position of the principal point of the projector. 

25. Adjusting the Floating Mark Bulb 

The position of the bulb beneath the hole in the platen of the 
tracing table affects the visibility of the floating mark, especially 
at the far edge of the model. Whenever this bulb is replaced, it 
should be repositioned as follows : 

a. Loosen the screw (4, fig. 9) on the underside of the platen 
carriage. 

b. Move the bulb back and forth by sliding the screw in its 
slot, at the same time viewing the floating mark at a low angle. 

c. When the position of the bulb affording the brightest light 
is found, lock the bulb in position by tightening the screw. 

26. Checking Verticality of Tracing Table Columns 

To insure that the vertical movement of the floating mark is 
perpendicular to the supporting table top, the three agate feet 



and plot this position with tracing table pencil, nrst making 
sure that the pencil is sharpened to a carefully centered point. 

&. Without disturbing the elevation of the platen, turn the 
tracing table 180 and replot the same image point. If there is 
a discrepancy between the two plotted positions, tentatively ad- 
just the pencil point to a midpoint, as described in paragraph 27. 

c. Raise the platen to its highest point. Repeat the above 
procedure of plotting and checking a point, which may be the same 
or some other well-defined image point. If a discrepancy is now 
apparent at this elevation, it indicates that the columns are not 
plumb and the table requires laboratory adjustment. This adjust- 
ment needs to be checked only occasionally. 

27. Centering the Plotting Pencil 

Centering the plotting pencil is normally the only routine ad- 
justment made by the operator. The pencil lead should at all 
times be sharpened to a carefully centered point. The purpose 
of the adjustment is to center the pencil directly beneath the float- 
ing mark. This adjustment presupposes that the columns of the 
tracing table are perpendicular to the plane of the feet of the 
tracing table. The adjustment is made as follows : 

a. Lock the platen at. a fixed height, preferably at about the 
average plane of a model. Illuminate one projector, place the 
floating mark on any well-defined image point, and plot this posi- 
tion with the tracing table pencil. 

6. Turn the tracing table 180 and replot the same image point. 
If there is a -discrepancy between the two plotted positions, mark 
a midpoint between the two. 

c. Keep the floating mark on the same image point and loosen 
the two adjusting screws (8, fig. 9) at the sides of the pencil 
chuck. Shift the chuck by means of these two screws and the screw 
(10, fig. 9) behind the chuck until the pencil point moves to 
the midpoint position. Tighten the side screws to lock the chuck 
in position. 

d. Check the adjustment by repeating the procedures in a and 
1} above. The operator should check this adjustment as frequently 
as required to hold the pencil in the midpoint position. 

28. Orienting Axis of Filament Coil of Projector Bulb 

This adjustment applies only to lamp houses, such as the one 
shown in figure 10, in which the bulb (1) is mounted horizontally. 
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10. Swing clamp screw 
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Figure 10. Projector 

parallel to the axis of the optical system. Whenever a bulb is 
replaced after this adjustment is once made, the filament coil axis 
will always come to a vertical position if the three-holed flange 
of the socket assembly is replaced with the same hole at the top. 
The operator needs to check this adjustment only when he suspects 
that it may have been disturbed. To adjust the axis of the filament 
coil: 

a. Hold an auxiliary lens below the projector. 



jDeioit: tins ctujusLinent can ue maae, eiiner a aiaposrave or a 
clear glass plate of equal thickness must be in place in the pro- 
jector. 

a. With the lamp house in place, turn on the lamp to maximum 
intensity. Remove the color filter. Hold a white screen (the 
back of a contact print will do) close beneath the projector lens 
so that the whole field of illumination can be viewed. 

b. Using the two lateral adjusting screws (5, fig. 10) on the 
bulb mount, center the filament so that any color appearing in 
the illuminated area is symmetrically disposed. This color is 
caused by chromatic aberrations of the condensing system. If the 
filament is now viewed by holding a small auxiliary lens beneath 
the projector, it should appear well centered in the aperture open- 
ing, which appears as a faint circle surrounding the filament 
image. 

c. Using the knurled ring (4, fig. 10) at the top of the lamp 
house, adjust the bulb vertically until the illuminated field is 
as color free as possible. In particular, any bluish cast should 
be avoided, a tinge of yellow is not undesirable, and a residual 
ring of light yellow around the outer edge of the field may often 
have to be accepted. 

30. Checking Adjustment of the Reflector 

The reflector in the newer-style lamp house (fig. 10) is properly 
adjusted at the factory and should seldom need readjusting. Its 
adjustment is a laboratory procedure. The adjusting screws (6, 
fig. 10) should not be disturbed by the operator. The operator can 
check the adjustment of the reflector as follows : 

a. Position the bulb carefully by the procedure given in para- 
graph 29. 

b. Grasp the lamp house firmly with both hands and raise it 
from the projector base until the image of the filament is seen 
on the table. 

c. Displace the lamp house horizontally to include the image 
formed by the reflector. Because of the hole in its center, the 
reflector images only the oblique rays. If the reflector is prop- 
erly adjusted, the reflector image should be the same size as the 
direct and brighter one formed by the condenser lenses alone, and 
the two images should be superimposed. Adjustment of the reflec- 
tor is needed if one image is readily distinguishable from the other. 

d. As an improperly positioned bulb could also be the source 
of displacement between direct and reflected images of the fila- 
ment, it is suggested that the bulb be repositioned by trial when 



VYll>il LXic lallHJ injure uiicn JL G^ICH^U \jii unt njwov^, xo. u**^ j.*i*j.i..ii.i*.,._v 

field shows an undesirable amount of color, the lamp house should 
be sent to the equipment repairman for readjustment of the reflec- 
tor. 

31. Checking Principal Distance of the Projector 

The two procedures for checking the principal distance given 
below will afford only a rough check, for the purpose of discover- 
ing a relatively large error, as they are capable of but one-fifth 
to one-tenth of the accuracy required in the laboratory calibration 
of the principal distance. The principal distance is accurately 
calibrated before the projector leaves the factory and seldom needs 
recalibration. The operator will, therefore, check the principal 
distance only when there are consistent indications that it may be 
in error. The indication of an error of the principal distance is 
basically an inequality between the horizontal and vertical scale of 
the model. If the operator should find it necessary to check a 
principal distance, he will need one accessory that is not required 
in the everyday operaton of the multiplex, a diapositive having 
calibrated graduations as indicated in figure 11. A glass plate 
etched with a precise grid is commonly used in the laboratory 
calibration of the principal distance, and carefully made photo- 
graphic copies of such a grid can be used in the following pro- 
cedures. 

a. Suggested Procedure. The preferred procedure for checking 
principal distance is : 

(1) Place the grid plate in the projector and center one of 
the grid intersections. Swing the camera body until the 
grid lines are roughly parallel to the a- and y axes of the 
projector. 

(2) Viewing the projected grid on the table top, tilt the 
projector (x and y tilt) until the pattern is precisely 
rectangular by measurements. Triangle OAB (fig. 11) 
is now similar to the triangle Oab. The grid plate is 
also parallel to the table top, provided the optical axis of 

. straight line. 

*-' - - t,**~ ""c passing through the principal point in 

the x direction, select two grid intersections, one on 
each side of the principal point and each approximately 
20 millimeters from the principal point. Using a needle 
in place of the tracing table pencil, and having checked 
the calibration of the tracing table with the needle in 
place, plot the positions of the selected grid intersections, 
once with the nla.ten at. its 





Figure 11. Checking principal distance by projected grid. 



(4) Compute the principal distance (P.D.) according to the 
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relationship P.D. = - 



h x ab 



where h is the vertical 



range of the platen and ab is the distance on the grid 
plate between the two grid intersections. 

b. Alternate Procedure. On the front of the outer gimbal ring 
is a conical boss (4, fig. 7). The following procedure makes the 



condition is warranted, lor ic is a, cimuiuun wm-u me iuieti.xv-- 
turer attempts to attain very closely. Subsequent adjustments of 
the principal distance will disturb this relationship slightly, as the 
principal distance is altered physically by a movement of the lens 
in relation to the rest of the camera body while the diapositive 
plane remains fixed. 

(1) Tilt the supporting frame until the y slide of the projector 
is parallel to the top of the multiplex supporting table. 
The y slide may be leveled by means of a bubble, pro- 
vided the table top has also been leveled. 

(2) Place the gird plate in the projector and center one of 
the grid intersections by measurements. 

(3) Viewing the projected grid on the 'table top, tilt the 
projector as described in a above until the pattern is 
precisely rectangular. 

(4) Measure the distance AB (fig. 11) on the table between 
two grid intersections in line with the principal point 
and approximately 20 millimeters either side of the 
principal point. The distance ab between the same two 
points on the grid plate should also be measured if not 
known. 

(5) Measure the height H of the center of the conical boss 
above the multiplex table. 

(6) Compute the principal distance (P>D.) from the relation- 

H x ab 



32. Checking Position of Principal Point of the Projector 

The principal point is accurately calibrated before the projector 
leaves the factory and seldom needs recalibration. The operator 
will, therefore, check the principal point only when there are indi- 
cations that its position may be in error. A position error of the 
principal point is often indicated by its effect on elevations in the 
model. Like a principal distance error, the effect of a given error of 
the principal point increases in proportion to the relief in the 
model. 

a. Recommended Procedure. This procedure requires the use of 
the plate with the precise grid described in paragraph 31. 

(1) Place the grid plate in the projector and carefully cen- 
ter one of the grid intersections. 

(2) Viewing the projected grid on the table top, tilt the 
projector (x and y tilt) until the pattern is precisely 
rectangular bv measurements. 



floating mark on the principal point image. Without 
moving the base of the tracing table, move the platen up 
and down through its full range. If the floating mark and 
the principal point image do not remain coincident, that 
is, if the principal point ray is not plumb, the principal 
point is in error. 

b. Alternate Procedure. This procedure does not require the 
use of a grid plate, but it does make the assumption that the 
optical axis of the projector lens is a straight line and that the 
diapositive plane is perpendicular to the mechanical axis of swing. 

(1) Carefully center a diapositive in the projector. 

(2) Observing the principal-point mark on either the multi- 
plex table or platen, slowly rotate the projector by swing 
motion through 180, being careful not to disturb any of 
the other motions. If the principal-point mark does not 
remain stationary, an error in the position of the princi- 
pal point is indicated. 



PRELIMINARY OPERATIONS 



33. Discussion 

Extensive planning and evaluation of data are required to 
initiate most mapping projects. A very brief discussion and general 
outline of the preliminary planning, preparations, and operations 
necessary to execute a multiplex mapping project are contained 
in the following paragraphs. Refer to the manuals indicated in the 
text for a detailed discussion of the various phases. 

34. Planning the Project 

Each mapping project is a separate undertaking, requiring a 
complete operational plan for its satisfactory accomplishment. 
The planning of the project is normally executed by headquarters. 
The factors that affect planning are : 

a. Selection of Areas to be Mapped. 

(1) Request for mapping. 

(2) Evaluation of need. All requests are analyzed and cor- 
related to evaluate the priority rating. 

b. Schedule of Production. 

(1) Priority of project. 

(2) Maintaining the balance of workload. 

(3) Mapping capacities. 

c. Specifications. 

(1) Scale and contour interval. The purpose for which the 
map is to be used is the deciding factor. 

(2) Flight altitude, focal length, and scale of aerial photo- 

ing control, both basic and supple- 

nanuscript procedures (see TM 5-240). 

35. Preliminary Preparations 

After the basic plans of the project have been established, there 
are certain data which must be procured before actual stereo- 
compilation can be started. 

a. Procurement of Aerial Photography. 

( 1 ) Types of photography. 

(2) Specifications for photography. These define the techni- 
cal characteristics of the photographs, the equipment 
(including the camera and lens) to be used, quantities 



(4) Inspection. Prior to acceptance, all photographs are 
checked for conformance with specifications (see TM 
5-243). 

b. Procurement of Source Materials. 

(1) Source materials consisting of maps, plans, diagrams, 
charts, trig lists, population statistics, railroad time 
tables, atlases, etc., should be procured and evaluated 
as to their extent of usage. 

(2) The maps and other source materials are supplied to the 
multiplex compiler with recommendations for their use 
as supplementary aids to assist in identifying features 
on the photographs. 

c. Procurement of Basic Control. 

(1) A basic network of precise geodetic horizontal control 
is the first requirement in the compilation of accurate 
maps. These precise networks of control form the rigid 
framework for all types of mapping, making it possible 
to correlate mapping over extensive areas. This basic 
control may be obtained by either geodetic triangulation 
or traverse; of the two methods, triangulation is the 
most efficient and is used wherever possible. 

(2) To satisfy the vertical control requirements, precise 
geodetic leveling is required. Geodetic level networks 
throughout an area are as important in topographic 
mapping as are the horizontal control networks. 

d. Procurement of Supplemental Control. The basic networks 
of precise geodetic control usually do not provide all of the control 
necessary for multiplex mapping. Supplemental control (usually 
selected picture points) are required to adequately control the 
multiplex models. Usually, less expensive surveys of a lower order 
accuracy will be used to establish supplemental control, depending 
upon the accuracy of the mapping required. Additional informa- 
tion concerning field surveys may be found in TM 5-234. 

36. Preliminary Operations 

Before the three phases of multiplex mapping orientation, 
triangulation, and compilation can be performed, there are cer- 
tain other preliminary operations necessary to compiling the map. 
These operations, discussed below, should be started immediately 
upon receipt of the aerial film and should progress as the informa- 
tion becomes available. 




b. Processing of Diapositives. The diapositives represent the 
photography with all its high precision. The processing of the 
diapositives must be done with great care so that they will be 
accurate reductions of the original negatives. Exposure and devel- 
opment of each one must be accurately timed ; this necessitates 
handling each diapositive independently to achieve the best results. 
The images on each diapositive must be uniformly clear and have 
good contrast so the detail in the models will be clearly defined. 

c. Index of Aerial Photographs. On receipt of the aerial photo- 
graphs, an index of the photography should be prepared. For 
details on the preparation of a photographic index. See TM 5-243. 

d. Preparations for Field Classification Surveys. Upon receipt 
of the photographs, an operational plan should be made for a classi- 
fication survey party. This group of field men is responsible for 
all detail not readily discerned from the photographs such as 
boundaries, names, road classification, questionable features, etc. 
Source material such as state and county maps, road maps, census 
and postal guides should be obtained and incorporated into the 
plan. In foreign areas of mapping, this operation is often taken 
over by the native country. Where it is impossible to send a field 
party or obtain the information from native field parties, it is 
necessary to obtain the additional information from the best 
sources available. See TM 5-234. 

e. Master Progress Overlay. A master progress overlay at a 
convenient scale, usually at the scale of a photographic index, is 
prepared. The overlay should contain a reference such as the grid 
or the lines of latitude and longitude on which the multiplex com- 
pilation sheets, publication sheets, photo centers, and available 
control are outlined. Such an overlay serves as a ready reference 
as well as a record for work progress. 

/. Plotting Sheets. For the preparation of plotting sheets, a 
stable base material should be used. The material should have a 
surface which is readily adaptable to ink and pencil, and should 
maintain a consistent soalp nnrior adverse climatic conditions. A 
_, ._,.._ ^vj^nuu .are constructed. For details on the 
preparation of a compilation base, see TM 5-240. The size of the 
manuscript is dependent upon the plotting scale, the number of 
models to be worked by each operator, and/or the length necessary 
to accommodate the extension of control through a strip of photo- 
graphs. 

g. Transferring Control to the Photographs. All control points 
must be transferred to the photographs to facilitate multiplex 
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trol points on the odd or even numbered photographs, and to mark 
the vertical control points on the alternate or even numbered photo- 
graphs. The exact position of each control point is transferred 
from picture to picture and from strip to strip where applicable. 
This must be done for all control, whether ground control estab- 
lished by geodetic methods, or photogrammetric control established 
by multiplex extension of bridging methods (stereotriangulation). 
Station descriptions, elevations, positions, and all other pertinent 
data should be tabulated on the back of the appropriate photo- 
graphs. 

h. Accuracy. All these operations must be completed before the 
multiplex compiler can begin orienting and compiling the models. 
Triangulation can proceed as soon as the basic control is available. 
It is only by careful and thorough preliminary operations that 
each mapping project will be accomplished with as much economy 
and little wasted time as possible. The accuracy of the finished 
map will reflect the degree of accuracy with which each phase of 
its preparation was accomplished. 
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Section I. INTRODUCTION 

37. Principle of the Spatial Model 

In the multiplex model the natural terrain features are recreated 
at a miniature scale by the optical projection of overlapping photo- 
graphs (fig. 12). To create the model, two adjacent projectors 
must be properly oriented with relation to each other so that they 
will duplicate the geometric relationship between the rays of light 
that existed at the instant each photograph was taken, each ray 
being in correct relationship to every other ray in the projection. 
The model is formed when all corresponding light rays from the 
two projectors intersect in space. These ray intersections are all 
in the same horizontal plane for those points having the same 
elevation above datum. A series of horizontal planes, passing 
through the model and spaced at infinitely small distances apart, 
contain all the intersections of corresponding rays of a correctly 
oriented model. The map datum is parallel to the table on which 
the apparatus rests, and the model as a whole may be tilted with 
respect to the datum without disturbing the relative positions of 
the projectors. This tilting of the model as a whole is termed 
leveling. Contours can be traced in a properly leveled model by 
following the images of ray intersections which cut the model at 
vertical spacings equal to the desired contour interval. The indi- 
vidual projectors of a properly oriented model assume the same 
relative positions that the aerial camera had during exposure. The 
spacing between the projectors is called the "base," which, in 
miniature, is equivalent to the air base between corresponding 
exposures. Each projector is rotated about its x axis (x tilt), y 
axis (y tilt), and z axis (swing) the identical amount that the 
camera was rotated at the instant of exposure. The distance be- 

VJt , A ejection) node of the projector and a plane 

corresponding to sea level datum is equivalent in scale to the alti- 
tude of the airplane above sea level at the time of exposure. 

38. Procedure 

The orientation procedure is divided into interior orientation 
and exterior orientation. The latter is subdivided into relative 
and absolute orientation. 

39. Preliminary Steps of Interior Orientation 




Figure 12. Axes of orientation for spatial model. 

b. Remove the lamp houses from all the projectors. The botl 
rims of the lamp houses are likely to leave black marks where 
they are set down ; therefore, care should be taken never to set uuc 
lamp houses directly on the compilation sheet. 

c. Loosen each swing-lock screw and rotate the projectors until 
all the diapositive centering mechanisms are similarly oriented. 

d. Before inserting any diapositives, carefully blow or dust any 
dust or chips of glass from the projector lens. 

40. Inserting the Diapositive 

a. Lay out contact prints in the desired order with the over- 
lapping portions of the photographs adjoining each other. Lay 
out the diapositives, emulsion side down, in the same -order and 
with the same orientation. Then simply rotate each diapositive 
180 when placing in the projector to allow for the fact that in 
projection the image is reversed left for right and top for bottom. 

b. Having placed each diapositive in its projector, emulsion side 
down, clamp it securely. Care should be taken to release the spring 
gently. Undue pressure might bend or break the glass between the 
supporting bosses. 

c. Check the diapositive for contact with the bosses by tapping 




stop. If contact is good, the paper will not pass through. 

41 . Centering the Diapositive 

Replace the lamp assembly and release the centering arm until 
it comes against its stop. Either on the platen or the table, observe 
the image of the black dot on the reticle of the centering arm, and 
the image of the white cross or circle marking the principal point 
of the diapositive. Bring these marks into aline'ment by means of 
centering screws, being careful to make the final twist of the 
screws a positive motion, against their opposing springs. This 
completes the interior orientation. 

Section II. EXTERIOR ORIENTATION RELATIVE 

42. Relative Orientation 

Relative orientation reconstructs the same perspective condi- 
tions between a pair of photographs that existed when the photo- 
graphs were taken, thus establishing a model. 

43. Preliminary Steps 

a. Adjusting the Lighting. When the diapositives are in place 
and the lamp assemblies have been replaced, it is well to check 
the adjustment of each bulb to see that it gives the best possible 
illumination. 

b. Preliminary Orientation. The time required to perform ori- 
entation, both relative and absolute, may often be decreased if at 
the start the projectors are roughly oriented according to the best 
estimate of what their ultimate orientation will be. If nothing else 
is known, it may at least be assumed that the flight line is level, 
straight, and parallel to the multiplex bar and that each photo- 
graph is truly vertical. Accordingly, it is good practice to com- 
mence by leveling the multiplex frame and each projector, not 
necessarily measuring these adjustments, but at least estimating 
them with care. Set all the y slides to a uniform value, likewise 
the z slides. Space the projectors an average distance apart (200 
to 240 millimeters). 

44. Perception of Y Parallax 

When corresponding images from a pair of projectors not in 
relative orientation are observed on the tracing table platen, com- 
ponents of separation will ordinarily be seen. For the purpose of 
this discussion of relative orientation, the model air base will be 



either by altering the air base (x motion of the projectors) or by 
changing the height of the platen. The separation then remaining 
at the point is y parallax (often referred to among photogram- 
metrists simply as parallax) which can be eliminated only by some 
motion of the projectors other than the x motion. When relative 
orientation is first begun, y parallax can be observed without the 
filter spectacles and will appear as a distinct separation between 
corresponding images. The color filters should be in the projectors, 
but only as an aid in distinguishing one image from the other. 
Images affording good contrast and ready identification should be 
selected, such as cleared fields surrounded by woods, or prominent 
roads or fence patterns. As relative orientation progresses and 
the color separation can no longer be perceived, it becomes neces- 
sary to view the parallax stereoscopically using the filter spec- 
tacles. Viewed in this way, y parallax appears no longer as a 
separation of the two images, for they fuse into one three-dimen- 
sional model, but as a y direction split in the floating mark, the 
apparent separation between the two dots being equal to the dis- 
agreement of the actual image on the platen. The smallest y 
parallax appears finally as a slight fuzziness on the dot or perhaps 
as a slight fringe of colors upon its upper and lower edges. Moving 
the mark about a small area to obtain different backgrounds, an 
experienced operator can detect a y parallax of 0.1 millimeter or 
even less. 
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entation. The procedures given in this paragraph are two of the 
standard variations which multiplex beginners should memorize, 
practicing them at first using a pair of specially made diapositives 
having lines or dots to mark the positions numbered 1 to 6 in fig- 
ures 13 and 15. The possible variations of procedure can be readily 
appreciated if the six motions of the multiplex projector are ex- 
amined, as the effects of these motions dictate the general proce- 
dure of relative orientation. Figure 14 shows how these motions 
would appear to distort the true image of a grid. The plane of 
projection is assumed originally to be parallel to the diapositive 
grid plate, and the projected grid in this position is represented 
by dashed lines. The numbers locate the critical positions in a 
model at which y parallax will be observed and cleared. 

a. Dual Projector or Swing-Swing Method. This method is gen- 
erally used when starting a strip of several models. As this method 
does not make use of the translational motions, the preset values of 
the y slides and z slides remain unchanged. The following step by 
step procedure is used: (Refer to numbered positions in fig. 13.) 

(1) Clear parallax at 1 with swing of projector I. 

(2) Clear parallax at 2 with swing of projector II. 

(3) Clear parallax at 3 with y tilt of projector I. 

(4) Clear parallax at 4 with y tilt of projector II. 
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Figure 15. Single projector method. 



(6) Check 1 through 6. If parallax is present in any position, 
the entire procedure should be repeated until all positions 
have been cleared of parallax. 

b. Single Projector Method. When one model is being added to 
another already in relative orientation, or when starting an initial 
model, it may be necessary to use the single projector method to 
progress either to the left or to the right. The following procedure 
is used to extend to the left. All motions are applied to projector 
I (left projector, fig. 15). 

(1) Clear parallax at 1 with y. 

(2) Clear parallax at 2 with swing. 

(3) Repeat (1) and (2) above until parallax is cleared at 
these positions. 

(4) Clear parallax at 3 with z. 

(5) At 4, remove one-half of the parallax with z, and over- 
correct remaining parallax (11/4 times) with x tilt. 

(6) At 1, remove residual parallax with y. 

(7) At 3, remove residual parallax with z. 

(8) Repeat (1), (4), and (5) until parallax is cleared at these 
positions. 

(9) At 2, clear residual parallax with swing. 

(10) Clear parallax at 5 with y tilt. The resultant vertical 
change may be removed by either the x motion along the 
bar or the tracing table. 

(11) At position 6, referred to as the check corner, any ap- 
parent parallax indicates that some of the other positions 
have not been completely cleared. The entire orientation 
procedure then should be repeated until all points are 
cleared of parallax. When progressing to the right, all 
motions are applied to projector II (right projector, fig. 

and 4 must be reversed with 2, 5, 
The same orientation procedure is 
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c. Combined Methods. When it is permissible to use either 
method, the experienced stereocompiler may combine parts of 
both methods. This intermixing of the methods is often practiced, 
especially when the adjustments to be made are small. 

46. Relative Orientation Problems 

The terrain model is never a perfectly rectangular, plane sur- 
face, as has been assumed, and the projector axes are seldom truly 
parallel to the x. y, and z directions, resnectivelv. YP+ in r a f 



he standard procedures for clearing y parallax. The attainment 
f a parallax-free model becomes more difficult when the model 
resents any of the following to an extreme degree : rugged terrain, 
ilt of the photographs, unequal settings of the projector y slides, 
r water areas. The nature of the problem presented by each of 
hese conditions is outlined in the following paragraphs and a 
ourse of action suggested; however, the operator must deduce 
he exact steps to be taken in any particular situation. 

7. Rugged Terrain 

The effect of topographic relief upon relative orientation pro- 
edures depends on both the magnitude of the relief and the dis- 
ribution of the areas of high and low relief within the model. As 
n example of this, two extreme cases are illustrated in figure 16. 
)ne, figure 16 illustrates a hypothetical model in which the terrain 
urface has the shape of a cylinder whose axis is parallel to the 
,ir base and is at such a distance from it that the extension of the 
ylindrical surface would include the air base. The dashed lines 
how how a projector can assume various orientations and still 
lermit all pairs of conjugate image rays to intersect. Thus, rela- 
ive orientation cannot be determined solely by the usual y paral- 
ix effects. Unless the relative x tilt is properly set, the model 
iatum will be warped. In lieu of y parallax observations, the x 
ilt setting must be determined by adjusting the motions until 
levations in each of the four corners of the model read correctly. 
?wo, figure 16 illustrates the opposite condition in which the terrain 
3 at a much higher elevation directly under the flight line than 
t is along the front and back edges of the model. This condition 
ncreases the accuracy of the x tilt setting as determined by y 
larallax, because for a given increment of x tilt it creates a greater 
han normal y parallax between AB and BC. For the condition 
hown in 2, figure 16, the overcorrection of x tilt in the routine 
irocedure would be approximately one-half the amount of y paral- 
ax, Py. 

\3. Excessively Tilted Photographs 

If excessive tilts of the aerial photographs decrease the area of 
tereoscopic overlap so that it is not possible to make y parallax 
bservations at the ideal positions, the difficulty of relative ori- 
ntation will be increased accordingly. The strength of the re- 
ultant orientation will also be diminished. The principal difficulty 
;aused by excessive tilts is due to the displacement of the rotational 





Figure 16. Examples of the effect of relief. 

projector about the other axes is the y axis (primary axis). The 
y tilt adjustments are therefore always observed in the model at 
the same positions relative to the y axes. The x tilt axis can become 
displaced so that components of swing are introduced by the x tilt 
motion and the apparent overcorrection of the y parallax by this 
motion must be varied to allow for this. Trial and error will soon 
reveal whether more or less correction is required. The swing 
axis can become displaced in both the x and y directions, but as the 
swing adjustments are made prior to any other, this is not of par- 
ticular imDortanc.fi. Tf it. is Hp^ired that the y parallax cleared by 

>e reintroduced by the succeeding- y 

mu ,vxjuoui.i A ciiCs, swing parallax must be cleared at each nadir 
point rather than at the principal points. However, the swing 
motions (or y motions and swing) undoubtedly will be slightly 
interaffecting at the nadir positions, and successive trials of slight 
overcorrections or undercorrections of the swing settings probably 
will be required. 

49. Unequal Setting of the Y Slides 

Though it is not attributable to tilts of the aerial photographs, 
an excessive difference in the setting of the projector y slides also 



to the air base, me y tut m enect introduces components 01 x tilt, 
and conversely, x tilt introduces components of ?/ tilt. Relative 
orientation procedure is complicated by this condition which should 
be avoided whenever possible. If the air base must be set at an 
excessive angle to the bar, the logical procedure is to use, in place 
of x tilt or y tilt alone, a combination of the two motions calculated 
to produce a resultant tilt in the desired direction. Simple estima- 
tion of the proportions of each tilt motion, together with a few 
extra runs through the procedure, will be all that is ordinarily 
required. 

50. Extensive Water Areas 

The orientation of photography over coastal areas often is diffi- 
cult because it is not possible to see y parallax in the water por- 
tions of the model. This condition is so common that every effort 
should be made to practice the following methods of orienting 
irregular models, using full models. The operator can then check 
the accuracy of his orientation by noting the errors in the portion 
of the model not used in the orientation procedure. Parallax which 
has not been removed can also be found by reading the water 
elevations around the model. It is obvious by an inspection of 
figure 17 that there is little possibility of having the usual 6 posi- 
tion check. The accuracy of the orientation will depend upon the 
operator's skill in the accurate removal of parallax from these 
positions that are available, and in checking the water elevations 
around the model. 
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(1) Clear parallax at 1 with y. 

(2) Clear parallax at 2 with swing. 

(3) Repeat until positions 1 and 2 are cleared of parallax. 

(4) Overcorrect parallax at 3 (V/ times) with x tilt. 

(5) Repeat (1) through (4) above until cleared of parallax. 

(6 ) Clear parallax at 4 with y tilt. 

(7) Overcorrect at 5 (approximately 2 times) with z. 

(8) Repeat entire procedure until all parallax is removed. 

(9) Check the water elevations at several points from 1 to 2. 

An even slope in the water elevations across the model is caused 
by residual z parallax. A dished group of readings shows that y 
tilt parallax is still remaining. After a correction is made by using 
the proper motion, the parallax is removed as described, and the 
elevations checked again. 

b. Situation 2 (2, fig. 17). All motions are applied to projector 
I (left projector). 

(1) Clear parallax at 1 with y. 

(2) Clear parallax at 2 with swing. 

(3) Repeat (1) and (2) above until parallax is cleared. 

(4) Clear parallax at 3 with z. 

(5) Overcorrect parallax at 4 (1V times) with x tilt. 

(6) Repeat (1) through (5) above until parallax is cleared. 

(7) Clear parallax at 5 with y tilt. 

(8) Repeat procedure until all parallax is cleared. 

Since the swing position is located near the center of the model, 
this point should be checked with special care. Water elevations 
read at several points from 3 to 5 will disclose a warped model 
due to remaining parallax. 

c. Warped Models. Residual parallax or insufficient corrections 
can sometimes be localized by reading water elevations around the 
model. A warped model will disclose which parallax is remaining 
(par. 82). The motion to correct this warp is introduced and the 
parallax cleared by the other motions. When the model datum is 
flat and no parallax exists elsewhere, the model can be accepted as 
oriented. This orientation may not be as accurate as a full model, 
but it will be a better solution than a partial model. 

d. Adaptations. The unlimited shapes and sizes of the irregular 
model cannot be fully covered in this manual. Adaptations of the 
methods described in the above two situations may serve as an aid 
in a particular situation. 



I. Preliminary Steps 

a. Identification of Horizontal Control. The horizontal control 
which the model will be positioned may have been identified in 

irious ways. Positions that have been established by ground 
irveys either are marked on the faces of the contact prints, or 
-e identified solely by description of the points. In the latter case, 
ie identification of several points in a group, as, for example, 
ations along a traverse line, can often be verified by the way in 
hich, as a group, they correlate with their plotted positions, 
orizontal pass points, or supplemental positions established by 
ereotriangulation for controlling individual models, will have 
ien plotted on the base sheet either as actual points or as lines 
jlineating small portions of planimetric features. When the 
ereotriangulartor has used points, he will have marked the 
nages on the faces of the contact prints ; when he has used lines, 
.entification of the images will usually be self evident once the 
jneral locations of the features are known. The stereotriangu- 
tor may have encircled these general areas on the prints ; or if 
ie principal points are included among the pass points, and they 
wuld be, these usually serve to position the model well enough 
>r identification of the other pass points to be made. The points 
sleeted for horizontal pass points will not necessarily be the same 
nes used for vertical control, although both should be located ap- 
roximately at each corner of the model. 

b. Identification of Vertical Control. Supplementary control 
Dints are usually encircled on the faces of the contact prints, 
ich point being designated by a letter. Brief descriptions and 
ie elevations of the points are shown on the back of the prints. 

c. Conversion Tables. For reading elevations, a conversion 
ible is compiled for changing the ground elevation in feet or 
leters to elevation in millimeters at the compilation scale. Once 
^mpiled, it serves as a handy reference for the multiplex opera- 
)r, who would need to compute the change to millimeters each 
me a vertical control point is encountered. The following for- 
mlas give the millimeter equivalent of 1 foot and 1 meter of 
round elevation : 

1 foot (304.8 x Representative Fraction) mm. 

1 meter ~ (1,000 x Representative Fraction) mm. 

Example: For plotting at 1 :20,000 : 

1 foot = 2W6 = - 01524 mm ' 

1.000 



measuring system being used at the appropriate scale. 




, A , 10 x 1,000mm ,. 

10 meters = - 20000 - = m 

52. Establishing Scale and Horizontal Position 

The scale of the model, now in relative orientation, is governed 
by the length of the air base between projectors. Scaling may be 
divided into two processes. 

a. Approximate Scaling. Before a model can be leveled to the 
vertical scale of the control points, the model must be brought into 
the same scale horizontally. In the leveling procedure, the model 
is rotated about the x and y axes. Precise leveling and position- 
ing, therefore, is not done until the model is completely leveled. 

(1) Select the two horizontal control points that are most 
widely separated within the model. For convenience in 
describing this procedure, call them a and b. Place float- 
ing mark at the observed height of a. 

(2) Without changing this height, move tracing table until 
the pencil is resting directly over plotted position ol 
point a. Slide base sheet and tracing table until floating 
mark is in coincidence with image of point a. 

(3) Place floating mark at observed height of point b. Pivot- 
ing from point a, rotate the sheet with the tracing table 
until the floating mark is brought as closely as possible 
into coincidence with plotted point b. The discrepancy 
between the image and plotted points is resolved by in- 
creasing or decreasing the size of the model. An x motior 
of projectors along the bar, equal to one-half of error a1 
point b, will bring points a and b into the proper scale. 

b. Precis?. ffr.n.W/w.n Prnn*d ure follows generally as describee 

ation is performed after model has 
pass points on the model are ther 
scaled and positioned precisely. 

c. Scaling Difficulties. Occasionally, a model will be encountered 
which, because of one error or another, cannot be made to fit satis- 
factorily upon all the pass points. Unless the error is so large as 
to suggest a need for new stereotriangulation, the discrepancy 
may be resolved by : 

(1) Distributing the error over all points of the model. 

(2) Dividing the model into segments. Compile detail from 



slightly for each segment. This procedure of "breaking" 
the model can be applied with respect to the level of the 
model during the contour compilation. It disposes most 
easily of small errors which occur despite the best efforts 
of everyone to build and operate equipment without 
error; however, it should never be used as a justification 
for relaxing those efforts. 

tie position or positions that are finally decided upon should be 
opped and marked as supplementary pass points for use in 
leaking the position of the model during the compilation process. 

3. Leveling the Model 

Leveling is accomplished in two steps, one being leveling in the 
direction, and the other leveling in the y direction. The model 
.ay be leveled in either direction first. Two methods of leveling 
re available to the stereocompiler, who may choose either or com- 
ine the two. Method one uses only the motions of the projectors, 
le multiplex frame being stationary. Method two uses only the 
totion of the frame, the projectors moving in space inasmuch as 
ley are attached to the frame and must move with it. 

a. Leveling With the Projectors. In leveling by using the pro- 
ictors, care must be taken that both projectors are x tilted and y 
Ited an equal amount. A vertical control point will ordinarily be 
>cated on each of the four corners of the model. 

(1) Leveling in the y direction. Select the two points most 
nearly parallel to the y axis (fig. 12). For convenience, 
call these points a and b. Move the tracing table to point 
a and set the floating mark on the ground. Adjust the 
vernier scale so that it agrees with the correct millimeter 
equivalent of the elevation of that point. Now move to 
point b and set the floating mark on the ground and com- 
pare the vernier reading with the desired reading. It 
can be seen that the elevation of this point is either too 
high or too low, necessitating an overall change in x tilt. 
Raise or lower the floating mark an amount equal to one- 
half the error. Now move the tracing table with the ad- 
justed reading over point b. Both projectors are then x 
tilted simultaneously until the floating mark is brought 
into coincidence with the ground. Parallax observed at 
point a or b indicates an unequal amount of x tilt. Re- 
move this parallax by x tilting either projector. Reset 
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call these points a and c. Move the tracing table to poin 
a and set the floating mark on the ground. Adjust th< 
vernier scale to agree with the desired reading. No\ 
move the tracing table to point c, set the floating mar] 
on the ground, and compare the vernier reading with th 
desired reading. The elevation is observed as being to 
high or too low. Raise or lower one projector with the 
motion on the z slide an amount equal to the differenc 
between the vernier reading and the desired reading 
Remove the resultant parallax by y tilting both proje( 
tors. The amount of z introduced on the slide will nc 
necessarily be equal to the vertical adjustment desire< 
but will serve as a measurement for additional change; 
Repeat procedure until model is leveled in the x directioi 
If the control used is perpendicular to the axis of x ti 
and y tilt rotations, points, a, b, and c should be in corre< 
vertical relationship. This is seldom the case, howeve 
so it is usually necessary to make small adjustments b< 
tween all points until all read correctly. 

b. Leveling With the Frame. Because leveling a model by meai 
of the frame in no way disturbs the relative orientation of tl 
projectors, it is generally considered the simpler of the tv 
methods. 

(1) Loosen the lock screw or lock nut to insure that no twis 
ing stress will be put on the bar. 

(2) Read elevations as before to determine the slope of tl 
model datum in the x and y directions. 

(3) Tilt the frame in the y direction as required, using equ 
turns of the two front screws or equal turns of the t\ 
back-foot screws. 

(4) Tilt the frame in the x direction as required, using eith 
handwheel. Instead of the handwheels, the two fo 
screws at either end of the frame, preferably the pivot 
end, could just as well be used, turning both equal: 
Where A-frame end uprights are used, the foot scre^ 
are the only means of tilting the frame, in either the 
or y direction. 

(5) With a little experience, it is easy to estimate the numb 
of turns of the foot screws or handwheels required 
raise or lower one edge of the model by 0.1 millimet 
with respect to the opposite edge. The required numb 
of turns is dependent upon the dimensions of the modi 
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the Frame. When two nonconsecutive models must be set up on 
the same frame at the same time, one model, at least, must be 
leveled using the projector motions exclusively. Otherwise, the 
choice between using the projectors or the frame for leveling is 
a matter of the operator's preference. In any case, it will gen- 
erally be found expedient to use the projectors for the larger ini- 
tial adjustments to avoid tilting the frame excessively. 

54. Leveling Difficulties 

a. Vertical Control. Sometimes a model cannot be made to agree 
exactly with all of the vertical control. The procedure in such a 
case depends on the cause of the difficulty. The identification of 
all points and the copying of elevation figures should be checked 
first to eliminate them as possible sources of error. The conver- 
sion of meters or feet into millimeters in the elevation figures 
should be carefully verified. If these factors are found to be cor- 
rect and there is still difficulty in leveling the model, the following 
possibilities should be checked : 

( 1 ) An imperfect clearing of y parallax. 

(2) An image distortion of some sort. 

(3) An error in the control itself . 

b. Warped Model Datum. If the errors of the multiplex read- 
ings on the vertical control suggest a warp of the model datum of 
a kind that might be due to an error of relative orientation, the 
operator should eliminate this possibility by further adjusting the 
relative tilt setting of the projectors in an attempt to flatten the 
datum. It is seldom possible, however, to curve a model datum 
more than 0.1 or 0.2 millimeter by y tilt, or to warp it more than 
0.4 or 0.5 millimeter by x tilt without introducing objectionable 
y parallax. If greater errors than these exist, or if their patterns 
are irregular, the control elevations themselves should be sus- 
pected of error. Although the control elevations may be suspected 
of error, it is also possible that image distortion may be the source 
of difficulty. The operator cannot, therefore, use the model im- 
plicitly to prove the existence of an error in control. If he has 
field survey notes, he should check them. If no error is discovered 
there, it is suggested that he try setting up other models using 
different exposures of the same flight. Similar difficulty in level- 
ing these models would definitely point to image distortion along 
that flight as the source of error ; a reflight should be obtained if 
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is not eliminated, one of the following courses of action must be 
decided upon : 

(1) Suspend compilation until the suspected elevations can be 
field checked. 

(2) Determine and use multiplex elevation. 

(3) Accept the control elevations and force the model to fit 
them. 

(4) Obtain a reflight if possible. 

c. Disputed Points. If a multiplex elevation of the disputed 
point is to be established and if the point lies along an edge or at 
one corner of the model, the multiplex elevation should be estab- 
lished by setting up adjoining models and determining the eleva- 
tion of the point from all the models in which the point is visible. 
If forcing the model to the given elevations is decided upon, there 
are two possible methods. One is to divide or break the model into 
two or more triangular segments bounded by control, and to level 
and contour each as separate models. The other is to establish a 
local index. This is an especially convenient method for compen- 
sating small random errors in closely grouped points. The proce- 
dure is simply to index the scale of the elevation indicator of the 
tracing table upon one control elevation, and adjust it gradually 
to the index of adjacent control elevations as the contouring prog- 
resses toward them. As a rule, the operator will not continually 
reset the index, but will simply add or subtract small increments 
from each contour setting. 

55. Repetition of Orientation 

In general, the operations of exterior orientation are performed 
in the sequence in which they have been described. It is seldom 
possible, however, to make any setting of y parallax, model posi- 
tion, or model level with positive assurance that it will not be 
affected by some succeeding adjustment. If at any point in the 
procedure of relative or absolute orientation any of the preceed- 

3 been disturbed too greatly, it is ad- 

_ ^^ liiiiiiouittcely and revert to the earliest setting 

affected and repeat the procedure from that point on. It is better 
still, many stereocompilers feel, to go through the entire procedure 
of exterior orientation two or three times, quickly at first, then 
more carefully, bringing a higher degree of perfection to the ori- 
entation with each repetition. As an example, it is suggested that 
a rough orientation be made first which will clear y parallax 
(without the use of filter spectacles) within 1 or 2 millimeters, 
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parallax within. 0.5 millimeter, level the model within 1 milli- 
meter, and position it within 2 millimeters. These are very gen- 
eral values, given only to suggest an approximate degree of refine- 
ment for each repetition. The stereocompiler will take but a few 
minutes to perform these rough orientations. The adjustments of 
the final, precise repetition should then be small enough not to 
affect each other noticeably, and all settings will be made as 
accurately as possible. 



CHAPTER 6 
MULTIPLEX TRIANGULATION 



Section I. INTRODUCTION 

56. Considerations 

Multiplex stereotriangulation affords a means of establishing 
supplementary horizontal and vertical control points when rela- 
tively few ground survey control points are 'available. It is essen- 
tial that each individual model have sufficient control information 
to orient it with reference to a horizontal and vertical datum. As 
far as conditions will permit, this information is determined by 
ground survey methods; but since it is usually impossible and 
requires an excessive expenditure of time for each model to be 
controlled by these methods, stereotriangulation is used to sup- 
plement the establishment of intermediate control information. 
To obtain this additional control, the existing control is either 
extended or bridged. 

a. Extension of Control. The extension of control refers to the 
case in which existing control information is concentrated at the 
beginning of the strip, and the additional control must be estab- 
lished beyond without the benefit of known control. This is re- 
ferred to as cantilever extension. There is no way of checking 
the accuracy of the extended portions; therefore, the method is 
used only when there is no other alternative, such as with "photog- 
raphy of opportunity" obtained during hostilities. Other problems 
may be encountered before such photography can be used (ch. 10) . 

b. Bridging Control. Bridging is the method of establishing 
and adjusting control between bands of existing ground control. 
Bridging establishes and adjusts control both horizontally and 
vertically. Only experienced operators should be used for this 
- j -- 1 - O f the wno i e map i s relative to the 

otriangulation is performed. 

er cxrension 

When it is necessary to extend control beyond models in which 
established control exists, without the aid of control at the other 
end of the strip, the cantilever method is used. The initial models 
must be carefully and completely cleared of y parallax, positioned, 
and leveled. The remaining models are then successively brought 
into relative orientation and bridged to the preceding ones. Pass 
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vided by the models at the "anchored" end of the strip. If no indi- 
cations can be obtained, a centerline BZ curve may be assumed on 
the basis of the orientation of another strip by the same stereo- 
triangulator, using controlled photography taken by the same 
camera. Finally, the adjustment of pass point discrepancies be- 
tween adjacent strips is made in the same manner as in the case 
of bridged strips. The cantilever extension method is more simple 
to perform than bridging, but the results obtained cannot be ex- 
pected to be as accurate since there is no way to check any of the 
adjustments made. 

58. Horizontal Bridging 

Horizontal bridging (stereotriangulation between control points 
at both ends of a strip) (pars. 60-78) is accomplished by (1) ori- 
enting an initial model accurately to given control, (2) bridging 
successive models each to the preceding model, and (3) adjusting 
the scale of the entire strip so that the scale is uniform and the 
setup fits all the horizontal control. When the bridge is complete, 
pass points are selected and marked ; when two adjoining parallel 
strips are bridged, the pass points common to the two strips are 
adjusted to give a single solution. 

59. Vertical Bridging 

Vertical bridging (pars. 79-89) is accomplished by (1) estab- 
lishing a horizontal bridge, (2) reading the elevations on pass 
points and ground survey control points, and (3) adjusting the 
multiplex elevation according to the BZ curves. 

Section II. HORIZONTAL BRIDGING 

60. Purpose of Horizontal Bridging 

Photographic coverage of large areas is supplied in the form of 
parallel flights or strips. Each strip must be bridged between the 
lines of horizontal control that are usually placed crosswise to the 
flight direction at certain intervals. The exact number of models 
necessary to span the control interval depends on the ground dis- 
tance between control and on the flight height of the photography. 
When each strip is bridged, pass points are plotted in the common 
sidelap area between adjoining strips. Finally, the pass points are 
adjusted by graphic resection to establish a unique position elimi- 
nating, as far as possible, those slight discrepancies between ad- 
joining strips. The adjusted pass points will be used for the 
subsequent repositioning of each model for the compilation of 



the order in which the several strips will be set up. The factors 
that enter into this decision are the amount and distribution of 
control and the spacing and arrangement of the flights. Prefera- 
bly those strips having the most control or the most positively 
identifiable control, should be set up first. A study of the control 
plan and the flight index usually suggests a logical procedure. The 
next decision to be made is which model of the strip to orient first. 
As the horizontal control is usually confined to the end models, it 
is often more practical to commence orientation at either end and 
to proceed through the strip entirely in one direction. In any 
event, it is highly desirable that the initial model be one with 
sufficient control so that it can be completely and independently 
leveled, scaled, and positioned at the outset. A compromise pro- 
cedure that is sometimes advisable is to assume a scale for the 
initial central model, correcting this scale later when the bridge 
has progressed to the nearest controlled model. Once one strip 
has been scaled, its pass points can be used to furnish the initial 
scale and position of any model of the adjoining strips. 

62. Orienting the Initial Model 

a. Short Strips. For strips of moderate length (7 or 8 models), 
both projectors of the initial model should be set at the midpoints 
of their y slides and also at the midpoints of their z slides. This 
is done to allow for a maximum deviation of the flight line from 
a straight line in any direction. The model is completely oriented 
relatively by the "swing-swing" method. 

b. Long Strips. Setting the azimuth of the initial model of long 
strips (14 or 16 models) so that the flight line will not "run off 
the bar" often requires careful attention. The range of the z 
motion is not as likely to be exceeded as the range of the y motion, 
for the altitude of an airplane can be maintained more easily than 
its course. Reform aaff^/v - -^e initial model of a long strip, it 

; be oriented in azimuth as follows : 

V o./ ^atimate me position of the principal point of one of the 
end photographs with respect to the horizontal control 
and spot this position approximately on the base sheet. 

(2) In the same manner, spot the approximate position on 
the base sheet of a principal point at the opposite end of 
the strip. 

(3) Position each end of the sheet in the y direction so that 
each of these positions will fall directly below a projector 
that has its y slide set at the 



whatever control is available, the adjoining models are successively 
brought into relative orientation by the one-projector method. In 
each case, motions are applied only to the added projector, which 
forms a model with one of the projectors of the preceding model. 
The orientation of preceding models is not disturbed. After each 
model is cleared of y parallax, and before the relative orientation 
of the next one is begun, the newly oriented model should be 
brought to the same scale as the preceding one by the following 
procedure, commonly called bridging. Viewing first the initial 
model (whose scale is not to be changed), select some well-defined 
image point common to both models, the elevation of which can 
be accurately read. This point should be as near as possible to the 
center of that area which is overlapped by both models; it will 
normally be close to the principal point of the center photograph. 
Place the floating mark at the elevation of this point. View the 
second model and adjust the length of its air base by an x motion 
(and components of y and z motion if needed) of the third pro- 
jector until the elevation of the point is made equal with its eleva- 
tion in the first model, as indicated by the floating mark, which 
is not moved. Now all the models in the strip are bridged, each in 
turn, to the preceding one. 

64. Stereotriangulation With Two Projectors 

Although the length of a strip that can be set up is definitely 
limited by the length of the multiplex frame, it is not necessarily 
limited by the number of projectors available. If necessary, stereo- 
triangulation can be performed by using only two projectors by 
leap-frogging one projector past the other as the successive models 
are oriented. The scale of the initial model is passed along by 
bridging successive models as usual, except that the elevation of 
the tie point used in each bridging operation must be read and 
recorded in one model before the trailing projector is removed to 
be used in orienting the succeeding model. Leap-frog procedure 
also necessitates the marking of pass points from each model as it 
is set up. Errors of closure upon the control at the terminal end 
of the strip must be distributed among the intermediate positions 
and elevations by analytical methods. Graphical methods employ- 
ing correction curves for each coordinate component of error are 
preferred, but least-square computations similar to those used in 
adjusting closure errors in traverse lines can be used. 

65. Accuracy of Leveling Orientation 

It is not essential that the initial model be precisely leveled. 
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whole strip would be arched upward in the center. The vertical 
bow is chiefly the result of a small residual lens distortion and is 
the most persistent deformation of a multiplex strip. The only 
requirement of leveling is that no model of the strip be out of level 
more than the limit required for good planimetric accuracy which, 
depending on the amount of relief in a model, may be as much as 
10 millimeters across the width of the model. Because of the 
severity of vertical bow in some instances, it is recommended, 
especially if the initial model is not a central model, that the multi- 
plex frame be used to level the strip as a whole between vertical 
control at either end of the strip. This should be done after all the 
models have been brought to a uniform and approximately correct 
scale. 

66. Adjusting the Orientation 

The control extension operator places the diapositives in the 
proper projectors and performs the interior orientation and illu- 
mination adjustments. The first projector is swung where the 
line joining the projection of the fiducial marks on the x axis forms 
an angle with the true x axis (in this case the line of the frame 
bar) equal to the angle between the axis of the first photograph 
and the mean line of flight. The first projector is usually set with 
both its z and y movements in the middle of their range as a first 
approximation. When the position of the strip with respect to the 
mean line of flight permits a better approximation of the y move- 
ment, this should be used. All projectors are then roughly oriented 
relatively to insure further that all projectors remain within the 
limits of the y and z motion. When an erroneous assumption is 
made regarding position of the y and z slides of the first projector 
and the extension cannot be kept within the limits of the move- 
ments of the projectors, another approximation of the position of 
the y and z slides of the first projector is necessary, and the rough 



67. Adjusting Scale 

a. Procedure. Because a very small error in the scale of the 
first model will accumulate to a much greater error in the long 
extension of several models, it is likely that, even though the ini- 
tial model was most carefully scaled, the length of a strip will need 
further adjusting in order to fit between the control at the ends. 
This adjustment of the overall scale of a multiplex strip is similar 
to the method of scaling an individual model, with the exception 
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models, as described in the following procedure : 

(1) Select one well-defined control point in each end model. 
For convenience in describing this procedure, call them 
point a and point b. 

(2) Set the floating mark at the observed height of point a, 
then move the tracing table and place its pencil over the 
plotted position of point a. 

(3) Slide the base sheet and the tracing table with it until 
the floating mark is returned to coincidence with the 
image of point a. Point a is now directly over its plotted 
position. 

(4) Set the floating mark at the observed height of point b, 
then move the table and place its pencil over the plotted 
position of point b. 

(5) Pinning the base sheet to the table with one finger over 
point a, rotate the sheet and the tracing table with it 
until the floating mark is in line with points a and b. 
Note the discrepancy then remaining between the model 
position and the plotted position of point b. 

(6) Divide this discrepancy by the number of model widths 
between points a and b. Lengthen (or shorten, as re- 
quired) the air base of one model by this amount. Pre- 
sumably the model containing point a will be used, al- 
though any model could be used. 

(7) Rebridge all the models, bringing them to the scale of 
the model adjusted in the previous step. 

(8) Repeat the procedure if necessary, until the strip is 
scaled between point a and point b. 

b. Alternate Procedure. The adjustment in a (6) above is ex- 
tremely critical and any method of increasing its accuracy is 
worthwhile. A change in the length of an air base probably can 
be accurately gaged by measuring the resultant vertical movement 
of the model. An alternative procedure to a(6) above is: viewing 
any well-defined image point in the model, change the air base by 
an amount such that the point is raised or lowered, as required, an 
amount equal to Az, which is given by the expression : 

Az = H x E where E ig the error in i en gth at point b ; H is the 

L 

average projection distance; and L is the distance between point 
a and point 6. By reference to figure 18, Az can also be determined 
graphically as follows : from the intersection of the arc represent- 
ing the number of model widths between a and b with the arc 
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Figure 18. Scale correction by adjustment of datum elevation. 

of the total error, E, on the abscissa scale. Read the datum adjust- 
ment, Az, at this point on the ordinate scale. 

68. Horizontal Deformations 

a. Principal Errors. The principal errors affecting the hori- 
zontal datum of the strip are: z motion error, bridging error, and. 
swing error. Error in z motion will cause a slight but progressive 
difference in the scale of one end model appearing too small witli 
respect to its control while the scale of the other end model appears 
too large. If there is a control point in the center of the strip, 
differential scale will cause a discrepancy there in the x direction. 
Assuming a limit of 0.1 millimeter of y parallax in every neat 
model, the maximum amount a point in the center of the strip 
could be in error is 0.033 N- millimeter, where N is the number of 
models in the strip. Bridging error, strictly speaking, is not one of 
relative orientation. However, a repeated "break" in the bridge, 
such as shown in figure 19, will have essentially the same effect as a 
repeated z motion error. The effect of a 0.1 millimeter break in 
each bridge is approximately one-fourth the magnitude of the effect 
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Figure 19. Horizontal bow and differential scale effect. 



of z motion error specified above. Swing error causes the datum of 
the strip to be deformed in a "horizontal bow," which, like the 
vertical bow, is roughly circular. This effect is also shown in figure 
19. Horizontal bow is indicated by the end models appearing to be 
slightly swung, in opposite directions, with respect to their control. 
If there is a control point in the center of the strip, bow will cause 
a discrepancy in the y direction there. With a limit of 0.1 milli- 
meter of y parallax in the neat area of every model, the maximum 
possible middle ordinate of the horizontal bow is approximately 
0.025 N- millimeter, where N is the number of models in the strip. 
An error in y motion has no cumulative effect. There are, therefore, 
but four different deformations of the multiplex strip ; two vertical 
twist and vertical bow; and two horizontal differential scale 
and horizontal bow. 



would accumulate to produce an appreciable horizontal deforma- 
tion, although this is not impossible. One known cause of both bow 
and differential scale is tangential distortion in either the camera 
lens or the printer lens. Every precaution is taken in the assem- 
bly of these lenses to prevent this distortion ; nevertheless, it i s 
occasionally encountered. Therefore, when the strip has been 
scaled between two points, all the other horizontal control points 
that can be seen in the strip should be examined, looking particu- 
larly for indications of a consistent trend in any discrepancies. 
If the strip does not agree with the control, but appears to be 
deformed in either or both of the patterns of figure 19, it is sug- 
gested that the stereotriangulator eliminate his orientation as a 
possible cause by testing each model for the presence of those 
residual y parallaxes of errors of bridging that might be capable of 
causing the particular horizontal deformation that is evident. As- 
suming that the relative orientation and bridging operations were 
done to the best of his ability in the first place, the stereotriangu- 
lator must do more than simply take another look at the models, 
He must test them by actually moving each projector very slightly, 
being desirous of accumulating a small amount of swing, z motion, 
or bridging error in a direction calculated to oppose the observed 
deformation of the strip. By rocking each motion through the 
range within which he can see no change in the y parallax (because 
of the limitation of visual acuity), he can adjust each motion just 
short of the point where y parallax commences to be discernible. 
What he achieves is an orientation of the strip that is very slightly 
prejudiced in a manner tending to offset the effect of the error. 
This procedure should not be allowed to introduce any noticeable y 
parallax, or to overcompensate the deformation, although under- 
compensation may have to be accepted. If some deformation still 
remains, it can safely be attributed to a distortion beyond the 
stereotriangulator's control. If there had been any intermediate 
control points, bow and differential scale errors might have been 
minimized by breaking the strip ; that is, by scaling it in two or 
more segments using each intermediate point as the end of a 
separate bridge rather than simply as a pier in a longer bridge. 
Finally the procedure of adjusting the pass points to correct for 
differences between adjacent strips must be relied upon to elimi- 
nate any remaining error. 

69. Selecting, Marking, and Adjusting Pass Points 

a. When the strip is scaled and the optimum-control solution 



therefore, to select tnese pom is aner an examination 01 tne pnoto- 
graphs of all these strips. Pass points may be actual points, such 
as lone trees or intersections of lines, or they may be carefully 
drawn outlines of well denned features such as sharp bends in 
roads or streams. The principal point of each photograph should 
also be plotted at this time. These are useful if the models are not 
to be preserved intact and so have to be reoriented later for com- 
pilation of detail. Pass points should be plotted and drawn with 
utmost care. Although the miltiplex elevations of the points may 
be far from correct, the floating mark must be placed exactly on 
the model surface when plotting or checking the position of any 
points. If this is not done, the perspective nature of the image 
projection will result in an erroneous position being marked. 

&. All the pass points except those around the perimeter of 
a project will have their positions determined from two adjoin- 
ing strips, and small discrepancies in these duplicate positions 
are likely to be noted. These discrepancies should not be large 
their magnitude depending more or less on the length of the strip 
but nevertheless a unique position for each pass point must be de- 
cided upon. A median or simple average position should be marked 
unless one strip is felt to be stronger than another owing to the 
distribution of control, or unless an analysis of the discrepancies 
between several adjoining strips suggests a more plausible adjust- 
ment. In such cases, the position finally marked for each pass point 
must be a weighted average. 

70. Adjustment of Horizontal Positions Between Parallel 
Strips 

a. The simplest method of adjustment of the horizontal posi- 
tions plotted from a series of parallel strips is to place the base 
sheets in their correct relationship by matching the grid lines, 
then prick the mean plotted position of those points common to 
two strips. This method is used when only two strips are extended, 
or when more than two strips are to be adjusted and the deviations 
(distance between the two plotted positions of a point determined 
from two adjacent parallel strips) are all small. However, if three 
or more strips are to be adjusted simultaneously, the deviations 
are usually large enough to warrant a graphical-block adjustment. 

&. The graphical-block method of adjustment of the horizontal 
positions gives an adjustment of each strip based on the mean of 
all strips in the adjustment. In this method, it is assumed that 
the discrepancy between the two plotted positions for each point 
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plex extensions. The errors in scale cause displacement co 
nents that are perpendicular to the mean line of flight. Whe: 
control has been extended for several adjacent, parallel si 
the mean line of flight for any one strip is used as a co 
line for the measurement of the two components of the deviat 
A line perpendicular to this control line, through the prin 
point for the second projector of the strip used in deternr 
the control line, is used as a base line from which the leng 
each extension is measured. Within the overlap between adjj 
strips, the two components are measured for the deviation bet 
the two plotted positions for each point. The mean distance 
the base line of the two plotted positions of each point is 
measured. The procedure is best described by use of an exai 

(1) Consider that an extension of control is made for 
parallel flight strips. Let these strips be numbered 1, 
4, and 5. Suppose the control line to be the mean li 
flight for strip number 3, then the base line is perpen 
lar to this line, through the principal point of the s 
picture of strip 3. Two correction graphs (fig. 20. 
drawn as explained below. 

(2) To construct the scale correction graph, each poii 
the overlap between strips 2 and 3 is represente 
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plotting the deviation component due to scale as the 
ordinate, and the mean distance from the base line to the 
plotted position as the abscissa. The adjacent points are 
connected by straight lines on the graph. The points 
in the overlap between strips 1 and 2 are represented on 
the graph in the same manner except the ordinates are 
measured parallel to the line formed for the overlap be- 
tween strips 2 and 3. These adjacent points are connected 
with straight lines. Points in the overlap between strips 
3 and 4 are represented on the graph in the same manner 
as for those in the overlap between strips 2 and 3, and 
lines are drawn connecting these adjacent points. Points 
in the overlap between strips 4 and 5 are represented in 
the same manner as for the overlap between strips 1 and 
2 except the ordinates are measured parallel to the line 
plotted for the overlap between strips 3 and 4. A mean 
line for five plotted lines is then determined and drawn on 
the graph. This line is the mean for the four lines (de- 
scribed above) and the zero ordinate line. 

(3) To construct the azimuth correction graph, four lines 
and the mean for five lines are plotted to represent the 
deviation components due to azimuth errors. These lines 
are plotted in the same manner as described in (2) above, 
except that the deviation components due to azimuth 
errors are plotted as the ordinates. 

(4) When using the correction graphs, the plotted positions 
of the points (on the plotting sheet) are adjusted by 
values measured on the two graphs. In measuring the ad- 
justment values, all measurements are made from the 
mean line. The distance to the zero ordinate is the correc- 
tion for all points in strip 3. Corrections for all points in 
strip 1 are measured to the line plotted for the overlap 
between strips 1 and 2. Corrections for all points in strip 
2 are measured to the line plotted for the overlap between 
strips 2 and 3. Corrections for the other two strips are 
obtained in the same manner from the other two irregular 
lines. 



71. Adjustment of Horizontal Positions Within a Bridge 

The adjustment of horizontal positions in a bridge is most 
readily accomplished by adjusting the scale of the multiplex strip 
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Figure 21. Altering the scale of the model. 



when the scale of the model is altered by an x movement of one of 
the projectors forming- the model, the height of the model above the 
multiplex table is changed. This relationship between the 
change in the height of the model and the change in scale may be 
used to adjust the scale of a strip. The amount of change in heig-ht 
of the model to correct for an error in scale equals the percentage 
of scale error multiplied by the projection distance. The height of 
the first model of the strip is changed the necessary amount by an 
x movement of the second projector of the strip, then other models 
of the strip are scaled successively to the preceding model by mak- 
ing the elevations of the center pass points the same in adjacent 
models. If the proper scale is not attained on the first trial, the 
nrocedure is repeated. 



A siereotempieL is a, composite siotieu tempiet wmcn represents 
mechanically the horizontal position plot of a stereoscopic model. 
It combines the geometric strength of the stereoplotting technique 
with a templet system that permits an area solution. 

a. Positional Data Required. The positional data required for 
the preparation of the templet are stereoplotted from geometrically 
faithful optical models formed in the instruments. Positions of 
image points plotted orthographically from leveled models are 
rectified with respect to tilt and have no horizontal displacement 
due to relief. The positional data furnished to the stereotemplet 
is, therefore, at a random but uniform scale. The only function 
of the stereotemplet is to maintain this scale relationship between 
any and all points plotted from a single model while allowing for 
the enlargement or the reduction of the overall scale of the templet. 
The stereotemplets are adjusted to the desired common scale 
when the templets are assembled to satisfy horizontal control 
positions. 

b. Model Datum. The datum of a model from which a stereotem- 
plet is to be prepared must be leveled to the tolerances necessary 
to maintain the proper planimetric relationships to positions 
plotted orthographically from the model. The stereoscopic model 
provides the operator with an excellent means of observing, com- 
paring, and measuring the elevations of physiographic features 
within the area. All stereoscopic plotters are equipped with the 
means of adjusting the model to a desired orientation. Where ver- 
tical control is available, the datum of the model may be quickly 
oriented to within one degree of a horizontal plane. In lieu of 
known elevations, hydrographic features such as swamps, lakes, 
and major drainage provide information useful in eliminating the 
excessive tilt of a model datum. Where the photography has been 
flown in accordance with specifications that limit tilt and flight 
height variations, the spatial orientation of the projectors furnish 
data usable in limiting the inclination of the model. 

c. Templet Construction. With the exception of the stereoscopic 
plotter, the equipment necessary for the preparation of stereo- 
templets is identical with that used to prepare conventional slotted 
templets. Hard pressed cardboard, .03 inch thick, has the rigidity 
necessary to resist deformation and has proven to be a satisfactory 
templet material. A stereotemplet, illustrated in A, figure 22, is 
prepared by stereoplotting all relevant horizontal control and pre- 
selected pass point positions onto the templet material. These posi- 
tions are pricked through to another section of templet material to 
form a duplicate. Each templet will contain a minimum of four 



corners of the respective neat stereoscopic model. A stud-fitting 
hole is punched at one of these model corner positions. Stud-fitting 
slots, containing the other positions plotted from the model, are 
cut radially from the corner hole. In the duplicate section of the 
templet material, the stud-fitting hole is punched at the position of 
the pass point representing the diagonally opposite corner of the 
model. Slots, containing the positions of all other points, are cut 
radially from this hole. The two sections of the templet are then 
identically oriented and one superimposed upon the other. Studs, 
that are to represent model image points, are placed through the 
holes and slots. This composite is referred to as a stereotemplet. 
The scale of the stereotemplet may be varied as needed. Each stud 
will move a proper proportional amount to satisfy any necessary 
scale change imparted to the stereotemplet. 

d. Optional Solutions. The holes punched in each of the sec- 
tions of the templet need not be diagonally opposite to each other. 
These are the preferred locations for the radial centers and pro- 
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Figure 22 Continued. 



vide the templet with its greatest strength. The left diagram of B, 
figure 22 shows that when the position of a horizontal control 
point is plotted on or near a line connecting the two radial cen- 
ters, the slots cut radially from these holes would define an in- 
effective angle. To assure a strong angle of intersection at the 
control point, one of the radial centers may, and should, be located 
at another of the corner positions, as shown in the right diagram 
of B, figure 22. 

e. Principal Points. The positions of the principal points of 
the exposures forming the model are not essential for the construc- 
tion of the stereotemplet. However, it is advisable to include their 
positions on the templet when the images selected as pass points 
are not readily identifiable. The projected images of principal 
points that have been printed or etched on the diapositives are of 
certain identification. When included on the templets, these posi- 
tions are not to serve as radial centers. As shown in C, figure 22, 
their function is to provide a check on the exactness with which 
pass points common to successive models have been interpreted 
and plotted. Consistent identification of these pass points is veri- 
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C Principal point check of pass point identification 
Figure 22 Continued. 

/. Accuracy Advantage Over Conventional Slotted Templets. 
The accuracy of scale solutions that may be achieved with assem- 
blies of stereotemplets is far greater than that anticipated or ex- 
perienced with assemblies of conventional slotted templets. The 
basic information furnished to each stereotemplet has the greater 
precision of the stereoplotting technique. The conventional slotted 
templet, representative of a single photograph, must include among 
its functions the rectification of image displacements due to relief 
and tilt. This monoscopic consideration dictates that all slots be 
cut radially from a point at or near the center of the conventional 
templet. The elimination of rectification as a function of the stereo- 
templet permits its design to be stronger and more accurate. 
g. Assembly of Stereotemplets. 

(1) Preparations. Preparations for an assembly of Htereo- 
templets are essentially the same as those required for 
a layout of the conventional slotted templets. A flat 
and rigid supporting base is necessary. Stable manu- 
script sheets, securely fastened to the base, are satisfactory 
materials upon which to plot the necessary grid lines and 
horizontal control positions. The scale of the assembly 



secured to the base at their known coordinate values. To 
be of use in controlling 1 the assembly, the images of these 
control points must be identifiable in the optical models 
and stereoplotted onto their respective templets. 

(2) Lay down. The most effective pattern of the models to be 
used in an assembly is largely dependent upon the amount 
and location of the available control, and the size and 
shape of the project area. Where an abundance of con- 
trol adds rigidity to the assembly, a considerable num- 
ber of models within the area of interest may be elimi- 
nated. Where horizontal control is sparse, all models 
containing points of known position should be included. 
Where control at the perimeter of a project is lacking, 
the assembly may be strengthened by adding the stereo- 
templets of models adjacent to the area. 

(3) Extension. The ability of the stereotemplets to retain 
scale and azimuth and to permit the extension of the 
scale in any direction facilitates the layout operation. 
Advantage of these qualities is taken by assembling the 
templets containing horizontal control first and then 
assembling the minimum number of templets that tie the 
control templets together. An immediate check of the 
reliability, the identification, and the plotting of the 
available horizontal control as well as the proper prep 
tion of the templets included in this network is provided. 
This procedure establishes early the size at which the 
remainder of the templets are to be assembled and thereby 
reduces their subsequent scale adjustment to a practical 
minimum. It is advisable to add the remaining templets 
in sequences that form successive square-shaped areas. 
When assembled in this manner, the stereotemplets are 
self -checking. A failure of templet closure is often indica- 
tive of an erroneous identification or plot of a pass point 
common to adjacent flights. An improperly prepared 
templet may be readily detected and replaced with a 
corrected templet. After the completion of the assembly, 
the determined pass point positions are pricked through 
the studs of the manuscript sheet. 

h. Advantages. The stereotemplet method has overcome many 
of the limitations inherent in the techniques that rely upon an in- 
dependent scale solution for each of the pertinent flight strips. In an 



combining 1 into one simultaneous scale solution the positional in- 
formation derived from photography taken at various altitudes, 
with cameras of different focal lengths and from vertical, low- 
oblique, and high-oblique photography. 

73. Stereotrianguiation Aids 

When Stereotrianguiation of sparsely controlled areas must be 
performed, there are a number of means that can be employed to 
supplement ground control. These include flights crossing the 
regular pattern at intervals, altimetric data, tilt data, and Shoran. 
At present, none of these methods or devices are capable of the 
accuracy of ground surveys; therefore, they should be employed 
only when accuracy requirements permit. The methods of applying 
the information furnished by these aids are not as firmly estab- 
lished as are the more routine methods of multiplex operation. 
When and if the stereotriangulator has occasion to use any of them, 
he will probably desire to develop his own methods to a large 
extent. A few comments can be made regarding the functions of 
these aids. 

74. Cross Flights 

Flight strips crossing the main flight pattern serve to knit the 
regular or compilation strips more closely together. They supplant 
the usual lines of control, making most use of sparse control; 
thereby providing a better overall horizontal and vertical scale. 
The cross flight containing the control should be oriented first. 
This will give a more firm anchor for the mapping photography. 

75. Altimetric Data 

Data concerning the altitude of each exposure station can be 
recorded from an altimeter or a statoscope carried in the air- 
plane. Fairly accurate indications of the relative heights of the 
exposure stations are sometimes obtained. A comparison of these 
data with the measured heights of the oriented multiplex projec- 
tors is used to adjust the overall level of a strip (in the x direction) 
and to furnish the necessary information for plotting a BZ curve. 

76. Tilt Data 

Tilt data, such as are furnished by a horizontal camera or by 
gyroscopic means, are most readily applicable in the operation of 
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can be measured, however, either by optical means that record the 
tilt of the principal ray, or by a level bubble placed upon the projec- 
tor. The tilt values of all the projectors in a stereotriangulated 
strip should be employed to determine the level and the curvature 
of the strip. Tilt data furnish a vertical datum both in the x and 
in the y direction. 

77. Shoran 

The Shoran system can be applied to photogrammetric mapping, 
since it can determine the position of the aircraft at each exposure 
station. Ground stations are placed at each end of a base line of 
known length and an aerial station within the photographing air- 
craft. At the instant of exposure, the airborne set measures the 
distances to the ground transponders. These distances are reduced 
to corresponding ground lengths, and the triangles are solved for 
positions of the plumb point. These positions, plotted on the base 
sheet, are nadir points directly above which each corresponding 
projector should be oriented. There are a number of devices that 
indicate the plumb ray line from each projector lens, such as 
vertical collimators, level bubbles, and plumb bobs. Because of the 
random errors in the determination of individual positions by 
Shoran, it is best to scale the strip as a unit, selecting the b~~* 
average scale and position. This procedure of using the plumb rays 
of the projector requires that the models be carefully leveled. 
Therefore, allowances must be made for the slopes of some models 
due to the vertical bow of the strip. 

78. Airborne Profile Recorder (APR) 

The Airborne Profile Recorder, by measuring the clearance be- 
tween the photographic aircraft and the terrain, provides an elec- 
tronic method of obtaining supplementary vertical control. Tests 
are underway to provide additional information regarding the ac- 
curacy and economy of the method. It is expected that the develop- 
ment of optimum APR procedures, and subesquent use of -these 
methods in production, will result in a reduction of the amount of 
geodetic control required for photogrammetric extensions. 

Section III. VERTICAL BRIDGING 

79. Vertical Orientation 

Whether the purpose of multiplex stereotriangulation is to 
establish supplementary elevations or supplementary horizontal 



chiefly on the precision and uniformity with which this operation is 
performed; therefore, no attempt should be made to bias the y 
parallax solution because of horizontal bow or differential scale. 
Nor should the y parallax solution be biased in any attempt to 
flatten a vertical deformation of the strip datum. Slight vertical 
deformations are virtually unavoidable and any attempt to regu- 
late them would undoubtedly require the introduction of visible 
amounts of y parallax into each model, a procedure that cannot be 
controlled with as much precision as the complete removal of y 
parallax. The correction of these errors must be done by analytical 
means. In leveling a strip, the very presence of vertical bow makes 
anything but an approximate leveling impossible. The analytical 
method of eliminating errors due to vertical bow and other defor- 
mations compensates at the same time for the manner in which the 
strip was leveled. However, for best results, the average slope of 
the strip datum, both from end to end and from front to back, 
should be made as nearly level as possible. In scaling the strip, it is 
not necessary that a perfect fit be obtained between the two end 
positions, point a and point b. The range of relief will be relatively 
small compared to the overall length of a strip, so that an error 
in length of 2 or 3 millimeters would seldom be responsible for as 
much as 0.1 millimeter of error in any elevation reading. 

80. Reading the Elevations 

Elevations of side pass points are read and recorded from the 
overlapping section of adjacent models of the strip. During the 
extension these readings should be carefully watched as a check 
on the accuracy of the orientation. The elevations to be read 
(vertical pass points) are selected to be identical with the hori- 
zontal pass points whenever possible; thus they will include one 
in the corner of each model plus any other points needed to con- 
trol the corners of the models of adjacent strips. Points to be 
read also include all of the vertical control. The readings on 
these points indicate the probable nature of the vertical defor- 
mation of the strip datum and hence the required corrections to 
the readings on other points. All readings are made without 
changing the index of the tracing table scale after it is read on 
the starting point. 

81 . Adjusting for Cross Tilt and Bridging Error 

Each corner point will be read in each of two adjoining models 
of the strip. These readings will reveal any relative tilt between 



The cumulative effect upon the datum of the strip of a recurring 
error in each of the elements of relative orientation, including x 
motion, is shown in figure 24 (although x motion is not strictly an 
element of relative orientations, it is included because an error of 
its setting results in a bridging error, the effect of which is similar 
to that of z motion error). It should be clearly understood that 
these deformations of the strip datum refer to the way in which 
the control points of the strip fit upon their plotted positions ; they 
do not refer to the actual configuration of the terrain surface, nor 
do they have any connection with the shape of the strip as it is 
governed by the path of the airplane in flight. The magnitudes of 
the deformations, as indicated by the differences between the solid 
and dashed outlines, are greatly exaggerated in figure 24. The 
actual magnitude of a particular deformation depends upon three 
factors : the magnitude of the causative error, the rate of recurr- 
ence of the error in the strip, and the number of models in the 
strip. The practical errors affecting the vertical datum of the strip 
are the x tilt and the y tilt error. 

a. Error in X Tilt. Error in x tilt causes the datum of the 
strip to "corkscrew" or "twist" that is, to slope progressively 
more and more in the y direction. This slope reverses its trend 
across the width of each model, but the twisting shear (called 
cross tilt) between successive models overbalances this reversal, 
Assuming every model were warped the maximum possible with a 
limit of 0.1 millimeter of y parallax in the neat area, the change in 
the y slope of the strip would average approximately 0.8 millimeter 
per model. 

b. Error in Y Tilt. Error in y tilt causes "vertical bow." The 
datum of the strip as a whole bows up or down in the center, giving 
the effect, in profile, of a number of short chords forming an ap- 
proximately circular arc. The negligible curvature of the datum 
of each individual model is opposite to that of the strip datura. 
Assuming every model to be warped the maximum possible with a 
limit of 0.1 millimeter of y parallax in the neat area, the middle 
ordinate of the vertical bow is approximately 0.05 N- millimeter, 
where N is the number of models in the bridge. If reasonable care 
is taken to obtain an average level for the strip, twist and vertical 
bow effects are not a concern of the operator doing horizontal 
stereotriangulation. 

83. Evaluation of Extended Elevations 

a. After the horizontal evaluation, elevations mav hp evaluated 



rom the curve at that point. Thus a point 2400-mm from the 
econd projector would need a correction of 24-mm to bring it to a 
2vel flight. 

c. The second deformation is due to residual parallax as dis- 
ussed in paragraph 82. To compensate for cross tilt as well as 
iridging errors, the elevations of pass points and control points 
.t the front and back of the strip in each model are read and 
>lotted. The first control point is used as the origin for the ordinate 
ralues. A smooth curve is drawn through each set. The abscissa at 
my point is the correction to be applied to bring the elevations to 
evel. For example : The back pass point opposite projector 4 (fig. 
53) is read in model 3-4 as 45.7-mm; in model 4-5 as 45.9-mm. 
rhe average is 45.8-mm. However, as described in paragraph 81, 
he bridging adjustment is + 0.1-mm, changing the reading to 
15.9-mm. After the curve is plotted, the correction shows the point 
;o be 10.9-mm too high. This makes the corrected value equal 
55.0-mm, which is used to level the model before contouring. 

d. Both curves can be combined and a single correction com- 
muted for each point. Instead of measuring the projector dis- 
;ance and plotting a BZ curve, the index is set and all control 
ind pass point elevations are read. Back and front curves are 
Irawn as in c above. The correction for each pass point due to 
BZ curve and bridging errors can then be read off the graph. 

84. Measuring X and Y Coordinates of the Points 

A straight line is now lightly drawn on the base sheet along 
the center of the strip. This is a reference axis along which the x 
coordinate of each vertical control and pass point should be 
measured (units of centimeters to the nearest centimeter are con- 
venient) . The y coordinate of each point should also be approx- 
imately measured. The latter is needed only when the slope of 
the strip in the y direction (due to twist) in combination with 
excessive variation in the y coordinates of the points makes it 
inadmissable to assume that all points lie at a uniform y distance 
from the reference axis. 

85. Plotting BZ Curve To Correct for Vertical Bow 

Selecting suitable scales, plot on graph paper the x coordinates 
of the vertical control points as abscissas. As ordinates, plot the 
errors evident at each control point between the adjusted multi- 
plex readings and the true values. Through these points draw a 
smooth curve. A spline will be helpful in drawing this curve, which 



ings to sea level datum. Refer to paragraph 83 and figure 25 for 
multiplex procedure and plotting of BZ curve. 

86. Adjustment of Elevations Within a Bridge 

The adjustment of elevations in a bridge is made in the same 
manner as for an extension, except that the correction to be ap- 
plied at the end of the bridge is known from the error of closure, 
The difference between the closing elevation correction and the 
terminal correction from the BZ curve is proportioned through the 
strip as a straight line adjustment. The information necessary for 
these elevation adjustments is obtained from the original extension 
(before the strip is scaled), provided the error in scale does not ex- 
ceed 0.3 percent. 

87. Datum Twist Correction Procedure 

a. When the elevation readings indicate that the strip either 
twists or slopes in the y direction, two correction curves must be 
used. These may be either two Z error curves representing, sepa- 
rately, the errors along the front edge and the back edge of the 
strip, or they may be one BZ curve representing the error along the 
centerline of the strip plus an auxiliary curve showing the addi- 
tional errors along the front and back edge of the strip due to 
slope or twist. In the event that the y coordinate of any point 
differs too greatly from this distance, the correction obtained 
from the curves must be suitably interpolated. Interpolated values 
should be used in plotting the Z error or twist curves as well 
as in obtaining error corrections from them. Figure 23 provides 
an example of the use of Z error curves in correcting the errors 
of vertical bow (y tilt) and twist (x tilt). 

b. When strips covering long ground distances are stereotri- 
angulated, the effect of earth curvature may be considerable. Its 
effect is to cause the datum of any strip to arch upward in a ver- 
tical bow. The height of this arch, V is given by the expression 
V - 0.167 L- where V is in feet, and L is the length of the strip 
in miles. However, no separate calculation of this error is neces- 
sary, since the above-described method of correcting vertical bow 
and twist errors automatically corrects all vertical deformations 
of the datum, regardless of their source. 

88. Adjustment of Elevations Between Parallel Strips 

After the extended elevations in each of the single strips have 
been evaluated, an adjustment between strips is made bv usinir the 



Elevations not in the sidelap area are adjusted proportionately. 
Some discrepancies are to be expected in the values obtained by 
vertical stereotriangulation of adjoining strips. Just as a single 
position for each horizontal pass point was obtained by adopting 
a weighted average, a single value for the elevation of each ver- 
tical point is also decided upon compromising its two values. This 
adjusted value is determined by weighing each of the two dis- 
crepant figures after giving the consideration of the distribution 
of control and the probable "strength" of each strip as revealed 
by an examination of the discrepancies between the several strips. 

a. Two short intersecting or parallel flight lines extended from 
rigid control should receive straight line adjustments of position 
discrepancies without regard to other factors. 

6. Weights should be applied to adjustments of intersecting or 
parallel strips in inverse proportion to the distance extended from 
control in each strip. 

c. Where conditions permit, horizontal adjustments should be 
made by superimposing the extension sheets on the control plot. 
Once adjusted, the positions may be pricked through to the control 
plot, for use by the operators. 

d. Vertical adjustments should be performed analytically. An 
exception occurs when horizontalization to terrain features is 
made. 

e. The relative positions and elevations of all points in a 
model should be maintained as closely as possible in the ai 
ment. 

89. Terrain Features 

In the final adjustment of elevations within a strip, terrain 
features should be considered. Flat plains, lakes, bodies of water, 
and the direction of flow and the estimated slope of streams, can 
be used in such an adjustment. Adjustment of the strip to such 
terrain features should be made last. Intermediate elevations be- 
tween such terrain features should be adjusted proportionately. 
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Section 1. INTRODUCTION 

90. Considerations 

a. Definition. A map is a graphical representation, at an 
established scale, of a part of the earth's surface, showing impor- 
tant manmade and natural features in their correct positions rela- 
tive to a coordinate reference system and to each other. The map 
may emphasize, generalize, or omit certain features to satisfy 
specific requirements. It may be a topographic map, which portrays 
the features both horizontally and vertically, or a planimetric map, 
which presents only the horizontal position of these features. 

b. Compilation. Compilation is the process of extracting this 
map detail from aerial photographs and other sources and fitting 
it to a control network. It is the foundation of a map. The finished 
map can be no more accurate than its compilation, nor can it 
contain more information than is incorporated in the compilation. 
A large part of the responsibility in preparing a satisfactory map, 
therefore, rests squarely upon the compiler. He must exercise 
extreme care in selecting and plotting all detail so that the finished 
product will not only meet prescribed standards of accuracy, but 
will also satisfy the map's purpose. The amount of information 
shown depends on the scale, purpose of the map, and the avail- 
ability of source data. The compilation process is divided into two 
principal phases planimetry and contours. The planimetry is 
normally compiled first in each model. 

91. Plotting Scale 

The plotting scale is the relationship of the size of the compila- 
tion to the size of the ground area it represents. This relationship 
may be expressed as a linear equivalent, such as 1 inch measured 
on the compilation equals 1 mile on the ground. The compilation 
scale for multiplex is directly related to the flight altitude above 
mean terrain (A, fig. 26). This scale should be selected for the 
optimum projection distance of the multiplex projectors. The moat 
desirable plotting scale at optimum projection distance is obtained 
by dividing 360-mm, the optimum projection distance, by the 
flight altitude in feet (converted to millimeters) above mean ter- 
rain. Thus: 
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A Multiplex plotting scale and flight altitude 
Figure 26. Plotting scale, flight altitude, and contour interval. 

92. Contour Interval 

The minimum contour interval that can be plotted varies between 
1/500 and 1/1000 of the flight altitude (B, fig. 26), depending on 
the scale of the photography and the density of control. For a given 
scale and contour interval, the slope of the ground determines the 
contour spacing on the compilation. A satisfactory contour inter- 
val is one that shows the topographic features adequately, yet does 
not result in too closely spaced contours. The contour interval 
used determines not only the amount of relief information that can 
be shown, but also the allowable tolerances in the vertical accuracy 
of the map (par. 110). 

93. Working Procedures 

During the period of preparation for multiplex compilation the 
bridging and plotting operations are planned as completely as pos- 
sible. The organization for bridging and plotting cannot be stand- 
ardized, since this depends upon the size of the project, the nature 
of the terrain to be mapped, the amount and placement of control, 
the availability of all necessary field data, and a number of sub- 
sequently determined factors. To produce a map in the minimum 



50 

FLIGHT 
ALTITUDE IN 
THOUSANDS 40 

OF FEET 
(ABOVE MEAN 

TERRAIN 



ELEVATION) 



30 



20 



10 









$3 



B 



10 20 30 40 

CONTOUR INTERVAL IN FEET 



50 



60 
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Figure 26 Continued. 

a two- or three-man team. The following suggestions will bo found 
useful : 

a. Have a Definite Plan. To attain the maximum efficiency and 
to insure the accuracy of topographic representation, it is advis- 
able to follow a definite plan of procedure when plotting from the 
multiplex models, and to exercise certain precautions in each of 
the various steps. Generally, several operators are working at 
the same time on different portions of the area. The labor of co- 
ordinating and joining the work of different individuals can be 
reduced somewhat if each operator (or each unit when working on 
a shift basis) is assigned an area to plot, consisting of several 
adjacent pairs. However, where speed is essential, all pairs may 
be plotted simultaneously. A definite policy as to the interpre- 
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withstand the rubbing of the tracing table and still be visible 
when the plotting is completed. If a line drawn by the tracing 
table is too light, it should be intensified by hand. Those portions 
of the plotting sheet that are not actually being worked should be 
covered with paper. 

94. Measurements in the Model 

The multiplex model, when formed by properly oriented projec- 
tors, represents a portion of the earth's surface in miniature and 
distances are true to scale. Measurements of either horizontal or 
vertical distances can be made in such a model by means of the 
tracing table (par. 14). 

a. Floating Mark. To convert the multiplex model into a con- 
ventional map, a system for measuring the model is necessary. Use 
is made of a "floating mark." This is a luminous dot of light on 
the flat, white surface of the tracing table. The floating mark 
is visible to both eyes through fil 4 "--*- r. ^.. 
focused on the surface of the moox , 

focus of the eyes does not fuse and tl 

image for each eye. As the point is brougni cio~ 

the two images fuse into one, but appear to be below (o* ,~, ^^ 

surface of the model. As the motion continues, the point eventually 
appears to lie on the surface of the model. How closely this condi- 
tion can be obtained depends on the stereoscopic acuity (depth per- 
ception) of the individual and the character of the model (sharp, 
clear contrasts as against flat, indefinite terrain). Directly below 
the floating mark is a pencil. This pencil records the orthographic 
projection of the floating mark, and hence any point in contact with 
the floating mark may be recorded in its true map or ground posi- 
tion. 

b. Horizontal Measurement. The horizontal distance between 
two ground points may be obtained from the oriented stereomodel 
by plotting their relative positions on the manuscript with the 
tracing table. The distance between these points is then measured 
with a scale. To determine the correct ground distance, this meas- 
urement is compared with the known plotting scale, for example : 

MD (map distance) ,. ,, , , . ., 0/l Ar . A , 

RF = TTrT/ j j- j. v. If the known scale is 1:24, 000 and 

GD (ground distance) 

1 2 

the distance between the two points is 2-mm, then : T^-KAA' = 7^r> 

Z4,UUU (j-LJ 

or GD = 48,000-mm, and by converting to meters, GD = 48 meters. 



c. Vertical Measurement. A vertical motion 01 
mark, obtained by raising or lowering the platen with the elevating 
wheel (fig. 9), can be measured by means of the height-indicating 
scale. When a model is properly horizontalized, elevations of 
points in the model may be read by setting the floating mark on 
the point and reading the scale. Using a conversion table (par, 
51c), the elevations for these points can be determined. 



Section II. PLANIMETRY 

95. Introduction 

The planimetry of a map represents the manmade and natural 
features in their true horizontal positions. It does not include re- 
lief, which represents the vertical positions as shown by contours. 
The major problem in map compilation is to make the best use of 
the available map space. The amount of detail to be plotted will 
depend upon the type of map being produced. The compiler must 
select the features which are the most valuable to the map user. 
The smaller the map scale, the more critical and difficult the prob- 
lem of selection becomes. The features portrayed are generally 
restricted to those of a permanent nature. Whenever possible, a 
field classification survey will precede the compilation. During the 
compilation stages line weights and syrnbolization will conform to 
those prescribed under the multiplex compilation column shown in 
AMS TM 23a. It is imperative at all times that the plotting of all 
detail be accurate and legible. The hand stereoscope and contact 
prints should be used freely as an aid in proper identification. 
Where identification is doubtful, this should be noted on the plot, 
Planimetric features are compiled in a definite order, according 
to importance. In tracing planimetry, the floating mark should 
always be in contact with the detail in the model. Repeated refer- 
ence to contact prints is necessary to distinguish obscure features. 

96. Orientation Requirements 

Reorienting individual models for planimetric compilation is 
required unless it has been possible to retain the orientation of 
each stereotriangulated strip while adjoining strips were being 
scaled. If adjusted pass points cannot be obtained, or are not 
desired, then planimetry of a strip can be compiled as soon as 
stereotriangulation is completed, without the need of resetting the 
models. When a model is reset for planimetry, the orientation 
procedures (interior, relative, and absolute) are performed in the 
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follow the compilation of planimetry, the stereocompiler should 
completely level the model before starting any of the compilation. 
The position of the model should be checked at frequent intervals 
throughout the compilation process. Changes in humidity cause 
some base sheet materials to expand or shrink appreciably, thus 
affecting the scale and position of the model with respect to the 
control base. If the model should be found out of position, either 
it or the base sheet must be repositioned and the features already 
traced checked for errors. Under extreme conditions, it may be 
necessary to rescale the model. 

97. Order of Compilation of Features 

It is preferable to compile all the features of each kind at one 
time; in this way the chances of overlooking and omitting any 
detail are minimized. A suggested procedure is to compile all 
main roads first, following these in order by secondary roads, 
buildings, obvious drainage, and woodland outlines. Railroads, 
shorelines, and wide streams, if they occur, should take prece- 
dence over all of these. The particular details to be compiled 
depend upon the type of map beinc? nrpnnvpH A nr^ov-oi ~ i~ *~ 
follow is to compile first those 
and alinement are most importan,,. 

98. Tracing Operation 

The tracing operation is simply stated : Place the noating m 
upon the image of the feature to be traced ; lower the pencil to the 
paper; slide the tracing table so as to follow the outline of the 
image with the floating mark (fig. 27). The floating mark may be 
guided through the more intricate detail by resting the edge of 
each hand upon the map sheet and using the fingers to move the 
tracing table. The height of the platen must be continuously regu- 
lated with one index finger so as to keep the floating mark always 
in contact with the model surface. Some suggestions with respect 
to tracing table operation are : 

a. Each feature should be completely traced or outlined with a 
continuous line. Retracing a line in the opposite direction provides 
a good check on the accuracy of the tracing. 

6. No attempt should be made to symbolize the features as they 
are traced with the tracing table ; symbols can be added when the 
lines are repenciled or inked. 

c. Care should be taken when plotting objects having height, 

r,,,^V. no YMiil/^vKYC) avi^ +vcioa -frv atTrvirl tvanin 




Figure 27. Multiplex compilation. 



by their roof lines, as the photograph perspective may cause their 
bases to be partially obscured. It is important to have the floating 
mark in contact with the feature being traced, at the correct 
elevation. 

99. Reference to Contact Prints and Supplementary Source 
Materials 

It will be necessary when compiling the smaller and more ob- 
scure details of planimetry, such as dense collections of buildings, 
railroad yards, trails, and streams in heavily wooded areas, to 
refer repeatedly to the contact prints and supplementary source 
materials as an aid in identifying features contained within the 
multiplex model. The brilliance and clarity of the photographs as 



well enough in the multiplex model to be plotted accurately. 

Section III. CONTOURS 

1 00. Classification 

Contour lines are the principal means used to show the shape 
and elevation of the land surface. Each contour line on the map 
represents a definite ground elevation measured from mean sea 
level, and the contour interval is the difference in elevation between 
adjacent contours. Contours are continuous lines connecting points 
of equal elevation. To make maps more readable, contours are 
classified into three categories index, intermediate, and supple- 
mentary and distinguished from each other by different line 
weights. The index contours, usually every fifth contour, depend- 
ing on the basic interval, are accentuated by making the line 
heavier than the intermediates. Supplementary contours, used in 
the flatter areas of some maps, are shown as dashed lines. Spot 
elevations should be added in critical areas to clarify the relief 
features which are not clearly identified by the contours. The 
amount of detail shown varies inversely with the map scale ; some 
of the relief detail mapped at the scale at 1 :25,000 may be omitted 
at the scale of 1:50,000. The- compiler should always strive for 
good topographic expression ; that is, the typical characteristics of 
the ground surface are clearly represented. Good topographic 
expression makes the map easier to read, and the relief features 
more easily comprehended. In tracing contours, the platen is 
clamped at the height of the chosen contour and the tracing table 
is guided so as to keep the floating mark always in contact with 
the ground. Before contours are traced, minor drainage is drawn 
in pencil to serve as a guide in alining the contours. 

101. Visual Skill Required 

Skill in contouring comes only after weeks of practice and even 
then not to everyone. A special kind of visual ability is required, 
which, if lacking in the beginning, may prove impossible to develop. 
Multiplex trainees, therefore, should be selected only after a test 
of their stereoacuity (app. IV). This test should not only measure 
their ability to perceive the depth difference between two points 
in space, but also their ability to perceive the shapes of larger 
masses, as demonstrated by their ability to trace a reasonably 
correct contour line. When making any stereoscopic measurement 
with a floating mark, but most especially when contouring, the 
observer must strive for an awareness of the model around, above, 



leveled as accurately as possible. Even though all models 01 tne 
strip remain in orientation, the leveling of more than one model 
at a time is impractical and makes it compulsory to compile con- 
tours model by model, leveling each model in turn. During the 
compilation of contours, the stereocompiler should frequently 
check both the position and the level of the model. He should even 
more frequently check the consistency of his elevation reading on 
a given point (index reading), as his personal "index" may be 
subject to a variation of 0.1 to 0.3 millimeter. Nearly all observers 
experience this "change in index" at one time or another. When 
it does occur, it usually takes place during the first minutes of 
stereoscopic observation. As a person's stereoscopic experience 
increases, this tendency of his "index" to change diminishes. Be- 
fore plotting the contours, the horizontalization of the model should 
be checked and spot elevations at various prominent road inter- 
sections and hilltops should be read and recorded. The illumina- 
tion of both projectors should be adjusted until they are equal. 

103. Contour Tracing 

After orientation of the model has been completed and the index 
reading checked, the model is ready to be contoured. The platen 
is set and clamped at the height of any suitable contour and the 
contour is traced as a continuous line by guiding the floating mark 
wherever it must go to keep it always "on the ground." It is best 
to begin either at the top or at the bottom of a slope rather than at 
ra.nrlnm in hpt-w^n TVi* +QTVO; i* carefully studied to assure that 

6 iciu, nt the terrain, and conform to the 
-i* ana known vertical control. Depending upon the 
wucvracter 01 the topography, it is usually preferable to compile by 
features, or by small groups of features, rather than threading one 
contour across a whole model before starting to trace the next 
contour. In models of low relief, best results will be obtained by 
following the drainage pattern and tracing the contour several 
times, accepting the most logical one, and erasing the others from 
the sheet It is not advisable to skip contours and fill in later. 
Generally, drawing successive contours will more faithfully repre- 
sent the terrain. When one contour line has been completed, the 
platen is raised or lowered an amount equal to the contour interval 
and another line is traced. In this manner, contours are compiled 
over the whole model. In steep terrain, it is often unnecessary to 
trace every contour from the model. Every other contour, or in 
some cases every fourth or fifth contour, will be sufficient. The 
intermediate contours can be sketched in afterwards 
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iression" to the lines. Contour expression refers to the spacing 
f contours to illustrate the actual ground conditions. Slight 
ariations in contour tracing create unequal slopes on hillsides, 
idges, and drain crossings. A small displacement of one or two 
raced lines can improve the portrayal without affecting the con- 
our accuracy. Changing the accentuation of a rounded trace to 
i sharp V, or vice versa, in a drain crossing shows the true topo- 
graphic picture. The actual movement of the contour line is seldom 
nore than the width of a line to attain the desired result. 

104. Contouring Difficult Areas 

Difficulty in contouring is often experienced in areas of relatively 
lat terrain, in densely wooded areas, in areas covered by shadow, 
md in areas that offer either too much or too little image contrast. 
3rdinarily, it will not be necessary for the stereocompiler to leave 
;hese areas uncompleted if he makes good use of the contact prints 
md if he applies knowledge of topography. 

a. Flat Terrain. In contouring flat terrain, when the average 
slope of the ground becomes too small, say, less than one meter 
n a hundred, the horizontal position of a contour line and hence 
its shape becomes difficult to determine. Rather than trace a con- 
tour as a continuous line, the stereocompiler may find it necessary 
in this case to move the floating mark at right angles to the general 
direction of the contour in an attempt to determine a band within 
which no separation between the mark and the ground can be 
noticed. After a number of bands have been located, each contour 
line can be sketched in the most logical position within its own 
band. 

b. Wooded Areas. When the ground is completely obscured by 
trees, accurate contours cannot be traced. Whenever possible, 
therefore, aerial photography is taken when leaves are not on the 
trees, so that no difficulty is ordinarily experienced in seeing the 
ground except in areas of evergreen growth. When evergreens or 
leafed-out trees hide the ground surface, contouring is possible 
provided small portions of the ground can be seen through open- 
ings in the trees. If these openings are numerous enough, reasona- 
bly accurate contours can be drawn from one opening to the next 
by carrying the floating mark at a uniform distance below the 
tops of the trees. In places where the tree heights would logically 
be expected to be greater or less than average, an estimated allow- 
ance must be made for the difference in their height. 

c. Shadows. T^are^e areas in shadows rannnt he rnntonrfirl when 



impression. An example of this deception can oe seen m 
shadows of partly leaf ed-out trees, which often give the impression 
that the ground has a very uneven surface although in reality it 
may be quite smooth. 

d. Insufficient Contrast. Unbroken fields of grass or stretches 
of sand or snow often present such a monotone that it is impos- 
sible to make a stereoscopic reading upon them. If such areas are 
not too large, contours can be sketched across them with the aid 
of the contact prints. 

e. Excessive Contrast. It is a natural tendency for white or very 
bright images to appear slightly higher or nearer to the eye than 
dark-toned images. This can be demonstrated if a single photo- 
graph is printed on two diapositives, being offset on one so that a 
stereoscopic model of the pair may be set up. Although this model 
has no relief, being formed by two identical images, there is a 
strong tendency to see alternate light and dark areas as an uneven 
surface. The stereocompiler should bear this phenomenon in mind 
when reading control elevation as well as when contouring. 

1 05. Drainage 

Regardless of the skill with which the floating mark is used in 
tracing contour lines, some smoothing, respacing, or reshaping of 
the lines will be necessary if they are to express the characteristic 
features of the terrain with utmost clarity and proper emphasis. 
As most land forms have taken shape to some extent through the 

of drainage is of great impor- 
^j.^ ^i/ression of these forms. Drafting 
. _._ i ._ .00x011 into a multiplex compilation will always be 
all the drainage, large and small, is lightly drawn in with 
trie tracing table prior to the final inking or repenciling of the 
contours. Then, when the stereocompiler is repenciling or inking 
the contours, the drainage lines help him to aline the contours 
precisely and to shape them with the proper expression. Reshap- 
ing contours to fit the drainage pattern results in a more accurate 
map than changing drainage to fit contours. 

1 06. Spot Elevations 

Spot elevations are approximately correct elevations of certain 
topographic and cultural features shown in order to furnish map 
users with more specific elevations of these features than may be 
interpolated from the contours. Spot elevations are determined 
and compiled on the base manuscript for such objects as road 



points in roaas ; Dotujm elevation in depressions ; large nat areas ; 
and section corners, boundary markers, and other well-defined 
points. Spot elevations may be recorded wherever needed to sup- 
plement the contouring, but ordinarily should not be shown on 
steep slopes. The recording of such spot elevations is an integral 
part of multiplex compilation. Each elevation is determined by 
averaging repeated readings in the multiplex model. All elevations 
determined by reading in the stereomodels must be preceded by 
the letter T when shown on the manuscript, thus : T678. When 
map location of a spot is in doubt, the point is indicated on the 
map sheet by a small right angle cross. 

107. Compilation of Extensions. 

a. When necessary to bridge control, or when several successive 
models in a strip are assigned to an operator, the diapositives 
covering the area should all be set up in the multiplex projectors. 
By bridging methods, the scales of these models are adjusted to 

fit the horizontal control. If 

of the control points of the s. 
sible to adjust the bridge so 
points are read, but the errors 
tions are not close enough to 

nor can the desired contour a 

entation, it is usually desirable to UA<*W uie piax 
complete strip before horizontalizing each model mvxcpcnuenuy 
for contouring. It is best to average the vertical adjustment of 
the strip to fit all the vertical control as closely as possible. The 
positions may then be plotted throughout the adjusted strip with- 
out appreciable error. This procedure is used only when the end 
product is to be a small scale map. 

6. As a check on the adjustment- of models, pass points between 
models should be located near the. edges of the strip, as well as at 
the center. When the elevation of the center pass point is adjusted 
to read the same in both models, the elevations of the side pass 
points are seldom the same. In the usual case, there is a tilt be- 
tween the datums of the two models with the two datums inter- 
secting at the center of the model. This is known as "cross tilt." 
It indicates that there are errors in relative orientation remain- 
ing between the projectors of one or both models. When large 
cross tilts appear, a closer adjustment of the models should be 
attempted so the cross tilt will be reduced to a small amount, not 
more than 0.5 mm at the edges of the models. With models ad- 



c. wnen tne scaie ana orientation 01 ine scrip nave 
lished, it is best to immediately plot several reference positions 
from the strip to serve as check positions later on. The crosses 
indicating the principal points on the diapositives are good marks 
to plot and serve other purposes as well. They are plotted by set- 
ting the tracing table to the elevation of the model at the cross. 
At the same time, features around all sides of the strip should be 
plotted where other strips will join later. These will serve to indi- 
cate how the strips are tying together and help in their adjust- 
ment. The planimetry normally plotted does not always contain 
sufficient detail to permit a proper tie between strips. For this 
reason, additional features such as fence and field lines, small 
trails, and sharply denned woods and drainage lines should be 
plotted. Where nothing better exists, trees may be plotted. Fol- 
lowing the plotting of the principal point crosses and a skeleton 
of the planimetry, the complete planimetry of the strip should be 
plotted. 

d. A model at one end of the strip is next horizontalized, the 
plotting sheet is reoriented to the planimetry already plotted, and 
the contours are plotted for that model. Other models of the strip 
are then horizontalized and contoured in succession. 

e. When it is necessary for an operator to join his work with 
plotting already completed, it is essential that he transfer the 
detail from the edges of the other sheets to his sheet to insure 
proper matching. The work should be planned to keep edge trans- 
fers to a minimum. Edge transfers are made far enough ahead 
of actual need so no delay in the plotting will result. 



CHAPTER 8 
ACCURACY EVALUATION 



Section I. INTRODUCTION 

108. Specifications 

Accuracy specifications are required in modern topographic 
mapping so that all maps of each series will be of a uniform accu- 
racy ; map users will know the accuracy that can be expected ; and 
map revision can be accomplished economically and expeditiously. 
Specifications that established, in a general way, the accuracy of 
a topographic map were used in the United States as early as 1910. 
Since then, accuracy specifications have been used on all types of 
mapping projects, including city plans, highway route location, 
etc. The National Standards of Map Accuracy were established 
in 1941 and they define the accuracy specifications for standard 
planimetric and topograph^ 
met with the proper applies 
ever, the mechanical and 0] 
the accuracy which can be 
accuracy of the multiplex a. 
graphic materials ; the base-n 
terrain, control, and photograp^ , *n W mi 
operator. Some of these factors are rather uermiu 
vary so greatly that they can only be estimated for 
project. In the following sections, each factor is discusseu ai 
net result under ordinary conditions is estimated. 

109. Horizontal Accuracy 

The established standard for horizontal accuracy for maps re- 
quires that 90 percent of all well-defined cultural and planimetric 
features shall be shown within Vf.o of an inch, at publication scale, 
of their geographic positions as referred to the map projection. 
For example, on a 1 : 50, 000 scale map, 90 percent of all well-defined 
features must be horizontally accurate to within 83 Vn feet. To 
produce a map that will comply with the horizontal tolerances, it 
is necessary that all the preliminary operations in the preparation 
of the map be planned with the accuracy requirements in view. 

110. Vertical Accuracy 

In multiplex mapping, the intersection angles of corresponding 



zontal accuracy presents no problem. When the ground survey 
control is such that multiplex triangulation is necessary, the hori- 
zontal accuracy in triangulated positions must be considered. Ver- 
tical accuracy standards, as applied to contour maps, shall require 
that not more than 10 percent of the elevations shall be in error 
by more than one-half the contour interval. Spot elevations shall 
be within one-fourth the contour interval. For example, on a 
1 :50,000 scale map with a 20-foot contour interval, 90 percent of 
the contour lines must be vertically accurate to within 10 feet (in 
contrast to an allowable 5-foot spot elevation error) . 

111. Unit of Measurement 

A multiplex model is a reconstitution, to scale, of a portion of 
the earth's surface. The accuracy of this scaled model can best be 
discussed in terms of measurements in the model ; these measure- 
ments are made in millimeters. All measurements in the model 
can then be converted to ground distances by reference to the 
scale of the model (par. 94) . 

112. Altitude and Projection Distance 

In the model, the projection distance duplicates, to scale, the 
flight altitude at which the photographs were made. As the pro- 
jection distance is reasonably constant in all models, it comprises 
a convenient common reference for ground and model accuracy. 
A model error is a certain fraction of the projection distance and 
;r. -I-V, Q .F^V Q f>, Q C.OTV.O -fr-onfirm of the flight altitude expressed in 

. Thus, the normal projection dis- 
.nm, a moaei error of 1-mm is %, i0 of the projec- 
tion distance and represents a ground distance error of % 00 of the 
flight altitude (app. II). 

1 1 3. Selection of Flight Altitude 

The maximum flight altitude which will provide the required 
accuracy is most economical. If the model accuracy can be esti- 
mated, the maximum flight altitude to obtain the required vertical 
accuracy can be determined by simple proportion. For example, 
when the ground elevations are to be determined from a model 
with an accuracy of '/ !00 of the flight altitude and the allowable 
error in any elevation is 20 feet, the maximum flight altitude is 
determined as follows: '','; 20 altitude; altitude 20 x 600 = 
12,000 feet. 



in me moaei, increases tne accuracy 01 relative orientation, re- 
duces the deformation in the model, and makes stereoscopic per- 
ception stronger. With any particular camera-printer-projector 
combination, photography with 50 percent overlap should give 
twice the vertical accuracy of photography with 75 percent over- 
lap. This increase in accuracy applies directly only when other 
conditions are equal, as the base-height ratio is only one of many 
factors affecting the accuracy. 



Section li. PHOTOGRAPHIC EQUIPMENT 

115. Camera 

a. The precision of the aerial camera is controlled by specifica- 
tions that require the camera optical system meet certain minimum 
requirements. The focal plane must be set so that the calibrated 
focal length shall be 153-mm 3.0-mm. The camera shall function 
properly at the altitude specified and shall expose a 9 x 9 inch 
negative. The lens, focal plane, and fiducial marks must be per- 
manently fixed in rigid orientation with one another. The coinci- 
dence of the optical axis and the perpendicular from the rear node 
of the lens to the film plane shall be such that no asymmetry is 
indicated by the resolving power at the four edges of the film area. 
Straight fiducial marks located at the centers of the 9 inch sides 
shall indicate the position of the perpendicular from the rear node 
of the lens to the film plane to within 0.002 inch. Lines connecting 
opposite pairs of fiducial marks shall intersect at 90, 1 minute 
of arc. The overall focal plane surface of the platen of the camera 
shall be flat, under operating conditions, to within 0.0005 inch. 
The film shall be held flat in the focal plane, at the instant of ex- 
posure, to within 0.0005 inch. 

&. Aerial cameras used in conjunction with the multiplex equip- 
ment are the T-ll and KC-1. The T-ll is equipped with the 6-inch 
metrogon lens. Specifications for the metrogon lens require that 
the optical distortion in any part of the field of the lens shall not 
exceed 0.13 mm or be less than 0.10 mm at those angles from the 
optical axis where the largest amount of displacement of the image 
from its distortion-free position occurs. These displacements refer 
to the distances computed using the calibrated focal length. The 
KC-1 mapping camera is equipped with the planigon lens. Since 
specifications for the planigon len v s limit the lens distortion to 
.010 mm from zero distortion, the lens is considered "distortion 
free." Thus, the KC-1 camera is capable of producing mapping 

without unv sMrnifirnnl cliKtorl ion 
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in the photography. The most frequent source of error is that 
resulting from the lack of film flatness at the time of exposure. 
This condition may result from either a malfunction of the vacuum 
system or from a deviation of the film platen from a, true plane. 
In cases of vacuum system failure, very large errors in both the 
x and y parallax solutions usually would be apparent in the multi- 
plex stereoscopic model ; however, if the error existed in the film 
platen, the errors would probably be of much smaller nature and 
apparent only in the final accuracy of the completed model. Any 
vertical deviation from a true plane would result in a horizontal 
image displacement on the exposed film, similar to that which is 
caused by radial lens distortion. The exact vertical model de- 
formation would depend upon the location and magnitude of the 
platen error. 

116. Lens Distortion Compensation With the Reduction Printer 

The two major lenses in use in the United States for obtaining 
mapping photography are the metrogon and the newer planigon 
lenses. Since the planigon lens is considered free of distortion for 
the purpose of multiplex mapping, the reduction printer used for 
planigon photography does not include compensation optics. The 
metrogon lens, however, creates a comparatively large distortion 
in the exposure and a means is provided in the reduction printer 
to compensate for this displacement. Perfect compensation can 
only be obtained when the characteristics of the camera lens and 
the printer optics are exactly equal and opposite. Since the devia- 
tion of the metrogon lenses from the nominal has the same general 
,~~ ~~ aviation of the planigon from zero distortion (par. 
115), the resulting errors in parallax measurement can be con- 
sidered comparable when using either metrogon or planigon lenses 
in conjunction with multiplex equipment. Since the distortion 
characteristics of the individual printer would introduce small 
additional errors, the resultant distortion in the diapositive (fig. 
5) could have a magnitude of approximately .024 millimeters. The 
exact vertical model deformation resulting from this residual dis- 
tortion would depend upon the shape and magnitude of the curve. 

117. Accuracy of Photographic Materials 

a. Cartographic Film. The standard aerial film designed spe- 
cifically for cartographic purposes is: Film, Photographic, Type 
1A, Class A. All aerial films are classified as either Type 1A or 
Tvoe IB. TvDe 1A film is aerial camera film with an emulsion 



photography, but not satisfactory for cartographic work. There 
are three classes of film: Class A, Class N, and Class K-l. Class 
A film is panchromatic (sensitive to light of all colors), and has 
an exposure index of 80. Class N film is also panchromatic with 
a speed (exposure index) of 200. Class K-l is infrared film with 
a speed of 150. The high speed of Class N and the infrared sensi- 
tivity of Class K-l are not usually necessary in cartographic pho- 
tography. The most important property of a cartographic film 
is its dimensional stability. It is essential that little or no change 
occur in the dimensions of the negative from the time at which 
the exposure is made until such time as the negative is used carto- 
graphically. Three types of dimensional changes may occur in the 
negative during any stage of its use: a uniform change in the 
length of the film ; a uniform change in the width of the film ; or 
isolated changes in dimensions in small areas (local area distor- 
tions) which are extremely small and usually may be disregarded 
as negligible. If the uniform changes in length and breadth are 
the same, they constitute only a small change in scale which can 
be compensated for by adjustments of the calibrated focal length. 
When the dimensional changes in length and breadth are essen- 
tially different, the result is differential distortion which is more 
difficult to correct. Cartographic film should have a minimum of 
local area distortion, little or no differential distortion, and only 
a small change in scale. Dimensional changes are brought about 
principally by changes in relative humidity and temperature, proc- 
essing of the film including drying, and aging of the film. To 
minimize the possibilities of such changes, the negative should be 
developed and printed under conditions of relative humidity and 
temperature approximating as closely as possible those encoun- 
tered during the exposure of the film. During processing a small 
amount of shrinkage is bound to occur. This will be kept to a mini- 
mum by careful control of the amount of heat and tension applied 
during the processing, especially during drying. Uniform shrink- 
age of aerial film has the effect of varying the camera focal length. 
If deemed necessary, this can be compensated for by correcting 
the reduction ratio of the reduction printer accordingly. Local 
area distortion is undesirable, but may be present in insignificant 
amounts in good cartographic film. Care in processing, handling, 
and storing negatives is essential. When properly handled, carto- 
graphic film will not cause noticeable errors in the projection. 
Current specifications on mapping film permit the following ap- 
proximate dimensional characteristics when the film is processed 
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(2) Effect of processing. As a result of processing, the film 
base will shrink a nominal 0.009 inch per 9 inches of film, 
with 0.0027 inch differential shrinkage between 9 inch 
length and width dimensions of the film. 

(3) Effect of storage. When the processed film is stored under 
given temperature and humidity conditions, it continues 
to shrink with age. It must be processed and dried at 
proper temperature and drying rates to keep the film 
from having much larger and more unpredictable dimen- 
sional changes. Constant vigilance over processing and 
drying techniques is necessary to minimize their effects. 

b. Diapositives. Diapositive plates are of specially selected glass 
flat enough to eliminate measurable errors in the model. However, 
plates that "rock" or make poor contact with the diapositive cradle 
should be discarded. The most probable source of diapositive error 
is that due to processing. Touching or rubbing the wet emulsion 
warps the image. A small local distortion (for example, 0.01 mm.) 
may easily cause a 0.1-mm error in the model due to the change 
of scale in projection. Another error may be caused by improper 
alinement of the negative in the reduction printer. A small error 
may be tolerated if it is the same in all diapositives. The film roll 
should be passed through the printer in one direction only, and the 
alinement should be accurate to 0.1 mm in the negative plane. 
Careless alinement of the negative, especially for terrain of great 
i;/vp w,oTr o,,c. Q IOT. * v -*. a | n the model. Present specifications 

i uiem to be flat within 0.0007 inch per 

men. xi, i reasonable to expect that the photographic materials 
alone (film and glass plates) can introduce a mean error in parallax 
measurement on the order of 0.015 mm in a model. Under care- 
fully controlled conditions, it is estimated that the mean error from 
this source will not exceed 0.010 mm. 

1 1 8. Effects of Instrument Errors 

Since the fundamental operation in the measurement of heights 
and contouring in any stereophotogrammetric process resolves 
into a measurement of the stereoscopic parallax of each of a multi- 
plicity of points within a stereoscopic model, the most convenient 
basis for an evaluation and comparison of the probable effect of 
various sources of error in each piece of equipment is to determine 
the effect of each on the accuracy of measurement of stereoscopic 
parallax at the scale of the photography. In the simple case where 
the photographs are truly vertical at equal altitudes above 



at the scale of the photography, or 

dh = dp 

H b 

where dh = error in elevation 

dp = error in parallax measurement 
H = flight altitude 
b = air base at scale of photograph 

In order to compile at a C-f actor of y UM ,o, it is necessary that at 
least 90 percent of the time the accuracy of measurement be such 
that the ratio of error in height interpolated from compiled con- 
tours to the flight altitude is % 0()0 or less. Thus, for 9 by 9 inch 
6 inch focal length photography, with the air base at the scale of 
the photographs equal to 100-mm, the parallax measurement must 
be made within ^ooo f 100-mm or 0.05-mm 90 percent of the 
time. To obtain this accuracy, the average error in stereoscopic 
parallax measurement must be no greater than about one-half the 
tolerable error for 90 percent of the measurements. In the case 
cited, the average error must not exceed about 0.025-mm. 

119. Calibration and Adjustment 

Errors resulting from laxity in calibration or adjustment of 
the photogrammetric equipment can be of a most serious nature. 
In the multiplex plotting equipment the most frequent sources of 
error are the projection lenses and the reference table. The pro- 
jection lenses may cause residual errors in the completed compila- 
tion through lens distortions, while the multiplex table errors are 
transmitted directly to the model through vertical deviations of 
the table from a true plane. Present specifications require that the 
vertical model deformations in the stereoscopic model, due to the 
optics of the projector pairs, will not exceed .15-mm from a true 
plane. The multiplex table or plotting surface is also required by 
specifications to be a true plane within a tolerance of 0.05-mm 
over the entire surface, and is further required not to deviate from 
the plane by more than 0.025-mm in any one square foot area 
on the table surface. 

120. Projectors 

When the projectors are properly oriented, they are designed 
to project identical grid diapositives to form a stereoscopic model 
that is flat within 0. 15-mm. The principal distance of each pro- 
jector is 28.182-mm within 0.1 percent. The distance from the 
node of the lens to the appropriate surface of the diapositive is 




errors of principal distance and principal-point location. Princi- 
pal distance and principal-point errors have no effect upon a 
model that is a flat surface, but their effects increase in propor- 
tion to the relief of the model. Only the vertical effects are impor- 
tant, the horizontal displacements are seldom large enough to be 
significant. In figure 28, the dashed lines indicate the normal shape 
of a model which, in this illustration, is assumed to be a block with 
rectangular faces. The solid lines then picture the nature of each 
particular deformation. The magnitudes of the deformations 
shown are greatly exaggerated in proportion to those that would 
occur in practice. Both principal distance error and principal- 
point error can result from improper calibration of the aerial 
camera, reduction printer, or multiplex projector. Principal-point 
error can also result from a failure on the part of the diapositive 
maker to aline each negative properly in the printer, or from a 
failure on the part of the multiplex operator to center each dia- 
positive correctly in its projector. Those errors having their source 
in the optical or mechanical performance of the camera or dia- 
positive printer are very likely to be duplicated in each projection. 
The errors of negligent operation are more likely to occur in one 
projection only. 

essential effect of principal distance 
ale of the model with respect to the 

Horizontal scaie 01 me moaei. An error in the principal distance 
of any projector bears the same proportion to the average princi- 
pal distance as the resultant error in the vertical dimension of the 
edge of the model under the opposite projector bears to the average 
height of the model. Thus when both principal distances are 
equally in error, the vertical dimension of the whole block is uni- 
formly in error ; if the principal distance error is, say, 1-mm in a 
principal distance of 30-mm, the vertical error would amount to 
1 foot in 30 feet, 10 feet in 300 feet, and so on. 

6. Principal Points. When the principal points are displaced so 
as to have unequal x components, errors of vertical scale occur. 
In this case, the vertical scale is uniformly affected over the entire 
model. When both principal points are displaced equally in any 
direction, a condition is obtained wherein there is no scale error 
and no y parallax error. When the principal points are displaced 
so as to have unequal y components, y parallax will be evident in 
the model at all elevations above and below the plane of the 
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procedure. 

122. Relative Orientation 

The effects on the model datum of a small error in the setting 
of each motion of the projector are pictured in figure 29. These 
effects^ as indicated by the differences between the dashed and 
solid outlines, are greatly exaggerated for illustrative purposes. 
Assuming a maximum residual y parallax of 0.1-mm, the magni- 
tude of any effect is but a few tenths of a millimeter, excepting of 
course, the effect of x motion which involves no y parallax. These 
errors affect elevations in the model more seriously than they do 
horizontal positions. The horizontal deformation resulting from 
a residual y parallax of 0.1 or 0.2-mm is not significant in a single 
model. As indicated in figure 29, errors of relative orientation 
affect the vertical datum of the model essentially as follows : 

a. Y Motion. The error has no effect upon the model datum. 

b. X Motion. The effect of this error is to change the scale of 
the model. The uniform raising or lowering of the model datum 
with respect to the table top, or instrument datum, is offset by 
re-indexing the scale of the tracing table. 

c. Z Motion. The principal effect of this error is to tilt the 
model datum about a y axis. As the datum remains flat, this effect 
is offset by the subsequent leveling of the model when absolute 
orientation is performed. The maximum tilt of the model per- 
mitted by 0.1-mm y parallax in the model is 0.2-mm. 

d. X Tilt. The Drincinal effect of error from x tilt is to produce 

the model datum. The maximum 

occurs along the diagonals of the model. 

AH ^v, , cmvi *n the y directions, the datum remains uncurved ; that 
is, an xz or yz section is a straight line. Maximum warp permitted 
by 0.1-mm y parallax in the model is 0.8-mm. 

e. Y Tilt. The principal effect of error from y tilt is to produce 
a cylindrical warping of the model datum. The maximum curva- 
ture of the datum occurs in the x direction. The datum remains 
uncurved in the y direction. Convergent y tilt lowers the y direc- 
tion centerline of the model with respect to the left and right edges, 
as shown in figure 29; divergent y tilt causes this centerline of 
the model to be raised. Maximum warp permitted by 0.1-mm y 
parallax in the model is 0.1 mm. 

/. Sluing. The principal effect of this error is to tilt the model 
datum about an x axis. As the datum remains flat, this effect is 
offset by the subsequent leveling of the model when absolute ori- 





Y- MOTION 



X-TILT 





X- MOTION 



Y- TILT 





these warps the model datum in characteristic manner, by which 
the error may be identified. . It is also noted that no relative ori- 
entation error permits any curvature of the model datum in the 
y direction. Error of relative orientation can result not only from 
failure of the multiplex operator to clear y parallax completely, 
but also from photographic distortion. As the y components of 
distortion at each of the four corner locations where y parallax 
is observed usually differ between the two photographs of the 
overlapping pair, erroneous projector settings will undoubtedly 
result from clearing y parallax completely at these positions. 
Fortunately, however, the effect of distortion in present-day multi- 
plex projector-printer-camera systems is not appreciable in a 
single model. As relative orientation is but a means to an end, 
the ultimate objective of all orientation processes being absolute 
orientation, it is permissible to use the flatness of the model datum 
instead of y parallax as a means of adjusting the x tilt and the y 
tilt setting. In fact, the ultimate setting of these two motions 
must depend on their effect on model flatness as revealed during 
the course of leveling. The x tilt motion especially creates a warp 
of the model datum more critical than its y parallax effect. 

1 23. Character of the Terrain 

" " ' ' ' greatly affected by the character 

msiderations apply, 
tereoscopic perception is directly 
i image viewed. It would be impos- 

siuie LU J.UJLHJ. a, suireuscupic model, or to make measurements, if 
absolutely no contrast existed in the diapositives. Fortunately, 
natural conditions and modern photography have helped greatly, 
but there are many areas where the problem still has to be solved. 
These areas are of two classes : too little, and too much contrast. 
Flat grasslands, alkali flats, barren beaches, and river bottoms 
have too little contrast (par. 104a). Bordering detail helps ori- 
entation, but measurement is always difficult. High-altitude pho- 
tographs of wooded areas with a large percentage of clearings 
have too much contrast. It is then difficult to retain the photo- 
graphic detail in the light areas without destroying it in the darker 
areas. Diapositive contrasts and projector illumination can be 
controlled to help solve this problem. 

b. Woods. Dense woods obscure the terrain. There are three 
partial solutions when contouring. If numerous clearings are 
available, a combination of logical and continuous contouring can 



ing the mean height of the trees, applying a correction, and con- 
touring on top of the woods (par. 1046). In some situations, pho- 
tography can be planned when the trees are leafless. 

c. Water. It is impossible to obtain stereoscopic models of water 
areas. This, in effect, reduces the working area in a model and in 
turn reduces accuracy. The position of great water areas must 
be considered in planning the flight-line pattern. 

d. Relief. Great relief normally offers no special problem as 
long as the ratio of differences in ground elevations to flight alti- 
tude is less than the ratio of usable projection distance to total 
projection distance. Special cases arise where steep slopes are 
masked, in which cases special flight lines may be necessary. A 
combination of great relief and large tilts causes certain types of 
error to affect the model ; however, the resulting errors are small. 

e. Flat Areas. When the total amount of relief in a model is 
within or near the probable accuracy of the mapping, the resulting 
contours are difficult to draw and may be displaced considerably. 
In the production of military maps, this is not of critical impor- 
tance, since the required vertical accuracy can still be held. Maps 
for some engineering purposes require a more accurate determina- 
tion of the contour positions. 

124. Character of Control 

A multiplex model can be no more accurate than the fixed 
ground control to which it is scaled and horizontalized. 

a. Horizontal Control The amount of horizontal control used 
depends upon the general situation. The greater the density of 
this ground control, the greater will be the horizontal accuracy 
of the map. Where existing ground control must be used, the 
accuracy of the map will depend upon the density of this control, 
the accuracy- of its location, and the accuracy with which it can 
be identified. If the situation is such that the control network 
can be planned, advantage should be taken of the multiplex equip- 
ment in bridging and only enough control established to be con- 
sistent with the scale and accuracy of the final published map. 
When using existing horizontal control, or establishing new con- 
trol, the following considerations are applicable: 

(1) Identification of existing control points on aerial photo- 
graphs presents difficulties. Errors in identification affect 
the resulting accuracy of the map. 

(2) If control data are very old, the positions are often diffi- 



from old descriptions, witnout recovering tne stations 
by ground reconnaissance. Such a procedure is not rec- 
ommended except when it is impossible to recover the 
stations. 

(3) When ground control has been established and descrip- 
tions are available, the points should be pricked and 
marked on the photographs. 

(4) When establishing new horizontal control, points that 
will be readily identifiable in the multiplex model are pre- 
ferred. Points best suited to this purpose are the right 
angle intersections of cultural detail, such as roads, 
fences, field corners, and ditch lines. Small isolated trees 
may be used where none of the above is available. Care 
should be exercised in selecting the horizontal control 
points, so that changes in the appearance of the terrain 
during the interval between the field work and the pho- 
tography will not. lead to misidentification. Classification 
surveys and. the recovery of ground control are fully dis- 
cussed in TM 5-234. 

b. Vertical Control. To obtain the best horizontalization of each 
multiplex model, vertical ground control points near each corner 
of each model should be available. When controlling elevations 
are established by multiplex extensions or bridges, the accuracy 
of the map will decrease. The accuracy of establishing vertical 
control by multiplex extensions and bridges is discussed in para- 
crranhs fi7 throucrh 72. 79* 82, and 83. The accuracy of the map 

r of the vertical control used, 
ly important that the vertical control 

,^ racy consistent with the contour interval. Vertical 

control points with errors no greater than one-tenth of the con- 
tour interval are sufficient to avoid error in the map due to this 
cause. Before using existing vertical control points, an inspection 
should be made to determine: whether the elevation of the point 
has changed since the control was established ; that the point can 
be positively identified on the aerial photographs; and that the 
ground surrounding the point is approximately level. When there 
is any doubt of the accuracy of an elevation, the use of that point 
should be rejected. When using existing vertical control, or estab- 
lishing new control, the following considerations are applicable : 

( 1 ) Vertical control points must be identifiable in the multi- 
plex model. 

ff>\ A K^-^4- mv**^-.-^A^A ^,, l^,r^l rv.~,v,,~.J ,,,J11 ^.,',, *.!_ -L 



accurately identified. 

(4) Points that lie close to abrupt changes in elevation, such 
as near a cliif , should be avoided. 

1 25. Characteristics of Photography 

The characteristics of aerial photography directly affecting the 
accuracy of multiplex mapping are described below. 

a. Flight Lines. Crooked flight lines in themselves cause no 
error in the individual model, but they result in crab and make 
multiplex triangulation more difficult. 

b. Crab. Crab reduces the size of a stereoscopic model, which 
in turn makes parallax removal and horizontalization more difficult. 

c. Overlap. Excessive overlap (over 60 percent) reduces the 
base-altitude ratio. Insufficient overlap (less than 55 percent) 
makes control or pass point selection difficult. 

d. Tilt. The multiplex equipment allows the use of tilted photo- 
graphs, but excessive tilt may cause improper side lap or forward 
lap. A large amount of tilt in photographs of terrain having great 
relief may introduce noticeable errors in the compilation. 

e. Exposure and Development. Improperly exposed or developed 
film results in loss of detail. This loss limits the ability of the 
operator to make interpretations, to attain accurate orientation, 
and to make accurate measurements in the model. Good photo- 
graphic contrast aids the accuracy of measurement of elevations 
in the multiplex model. 




Section 



CONTROLLING ERRORS 



1 26. Introduction 

The goal of many experiments has been the exact recovery, to 
a reduced scale, of the camera position and orientation for each 
exposure. No scheme has yet been adequately successful. Various 
methods have been unsuccessively tried for measuring the tip and 
tilt in the camera at the instant of exposure. Efforts to measure 
the height of the airplane above an identifiable terrain point have 
also been unsuccessful. The ultimate in mapping photography is 
to have all photographs of a strip exposed at a constant flight alti- 
tude. This is done within the limits of the pilot's ability and the 
accuracy of the plane's altimeter. By starting with the assump- 
tion that the altitude in a particular strip is constant, it is possible 
to neutralize, or to adjust to a certain extent, the errors intro- 
duced by the false tip and resulting BZ errors. One method is to 
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from the mean height. Perfect stereoscopic models are not formed 
by this method ; passing from model to model is hazardous, caus- 
ing the scale accuracy to deteriorate. Another method, which is 
more desirable, is that in which a normal run is made and all 
parallax is removed in the strip. By use of this method, the scale 
of the extension is more accurate. The T-ll and KC-1 cameras 
are equipped with an altimeter and a method of recording (on the 
negative) the altimeter readings at the instant of exposure. The 
recorded differences in altitude between exposures are fairly relia- 
ble and are used to advantage in the final adjustment of the ex- 
tended elevations. 

127. Multiplex Extension 

Many factors affect the accuracy of an extension. Some of these 
vary so greatly that the resultant effect can only be estimated for 
a particular project. Numerous test extensions have been made 
with the multiplex equipment, using various cameras and camera- 
printer combinations. The results obtained give a good indication 
of the errors that will normally be encountered when the extension 
is made under favorable conditions. The errors are expressed as 
a fraction of the extended distance. As the start of the extension 
is no more accurate than the fixed control, any error in this control 
will increase the total. 

a. Sm/fi. The averaere error in scale in an extension of a single 

, be about % 9 o, and in 16 models 

. ,,w,i. The azimuth error in a single strip is greater than 

the error in scale. The extended strips follow a flat circular curve, 
sometimes to the left and sometimes to the right. Tests indicate 
this curvature is an instrumental error that varies with the camera- 
printer combination used, and is unpredictable for any particular 
combination. With one camera-printer combination, and with sev- 
eral strips of the same flight extended independently by four op- 
erators, the average curvature caused the center of a 16-model 
bridge, controlled at each end, to be deflected 2.8 mm from its true 
position. Subtracting this mean curvature from each strip ex- 
tended, for this camera-printer combination, the remaining mean 
azimuth error for an extension of eight models was about y 800 , 
and for 16 models was about y tioo . The error due to this curvature 
is practically eliminated when the adjustment is made through 
two adjacent strips that were flown in opposite directions. 
c. Resultant Error. The errors in 



numoer oi 



strips extended and adjusted together. Ordinarily, it is not prac- 

tical to make a combined adjustment for more than six strips. 

Based on the above resultant error for an average strip, the proba- 

ble error in position for various numbers of strips adjusted to- 

gether is shown in table I. The elevation of each test strip was 

determined by making the assumption of a constant flight altitude 

and applying a correction to the extended multiplex elevation, as 

discussed in paragraph 82. The average error in elevation on the 

eenterline of the strip at eight models from the base control was 

0.9-mm with a range of error from to 2.5-mm. At 16 models 

from the base control, the average error was 1.2-mm with a range 

of error from to 3.0-mm. These errors are expressed in terms 

of the scale of the model. Points away from the eenterline of the 

strip will generally be found to have additional errors due to tilt. 

This tilt, expressed as the difference in the height between the two 

edges of the model, averaged 0.8-mm at eight models out, with a 

range of error from to 2.3-mm, and averaged 1.5-mm at 16 

models out, with a range of error from to 5.9-mm. 

Table I. Typical Azimuth Error 



Number of strips 


Resultant accuracy 


At eight plate 
pairs 


At sixteen plate 
pairs 


1 


1:590 


1:455 


2 


1:840 


1:630 


3 


1:1000 


1:770 


4 


1:1180 


1:890 


5 


1:1330 


1 :1000 


(i 


1:1450 


1:1080 



128. Multiplex Bridging 

The errors in bridging are similar to the error of a multiplex 
extension, since bridging is a special case of extension wherein 
control is not furnished in every model, but does appear at both 
ends of any series of uncontrolled models. In bridging, the closing 
errors can be determined and adjustment made throughout the 
intermediate models. 

a. Horizontal Accuracy. The position error in abridged section 
will vary with the number of models in the bridge. The scale of 
the models and the flight altitude have no apparent effect. When 



tained in the horizontal positions in the bridged sections. The 
results of tests show that a position accuracy of 30 meters will nor- 
mally be obtained in bridges made to the scales and for lengths as 
listed in table II. The number of models that may be used in a 
bridge varies with the ratio of the reproduction scale of the plot- 
ting scale of the bridge. Based on the results of table II, the num- 
ber of models that may be bridged satisfactorily at various repro- 
duction scales is shown in table III. 

Table II. Bridge Lengths 



Mapping 
scale 


Flight altitude 
(feet) 


Number 
pairs 


Distance 
(meters) 


1:10,000 


12,000 


15 


32,000 


1:15,000 


18,000 


13 


42,000 


1:20,000 


24,000 


11 


49,500 


1:25,000 


30,000 


10 


55,000 


1:30,000 


36,000 


9 


66,750 



Table HI. Number of Models Bridged 



Publication scale 



Scale of extension. 

^extension 

Yi extension 



Number of models 



5 

7 

9 

13 



ccuracy. As in single models, the vertical accuracy 
01 ormging is more critical than the accuracy of horizontal posi- 
tions. BZ curves must be used to adjust these elevations to the 
level datum; hence, the accuracy depends somewhat on the accu- 
racy of the constant flight altitude assumption or the altimeter 
recordings when available. Additional corrections should be made 
for the tilt in the strip. Best results are obtained by using two 
elevations at each end of the bridged section, located near the edges 
of the strip. Tests show that bridges of 16 models can thus be 
made with errors not exceeding 1.5-mm, and with average errors 
of 0.4-mm throughout the strip. Shorter bridges reduce the range 
of error somewhat, but give about the same average error. 

129. Cross Tilt 

The phenomenon of cross tilt is particularly annoying in all multi- 
plex triangulation. It is due to the inabilitv to recover exar.t.lv tfi 



entation. Tests show that cross tilt can be eliminated when perfect 
diapositives (grid diapositives) are used, although some diaposi- 
tives must be discarded. The main cause of cross tilt is imperfect 
orientation, due to the inability of the operator to remove all 
parallax in terrain models. When cross tilt occurs, a recheck of 
the relative orientations should be made. If this fails to help, the 
operator concludes that the diapositives are faulty and should be 
exchanged for a new set. In no case should the cross tilt exceed 
0.5-mm when proper care is taken. Introduction of swing parallax 
will remove cross tilt, but will introduce an aximuth error. Sev- 
eral tests have shown that removal of all cross tilt by this method 
introduced a considerable bow in a strip containing 7 models. 



Section IV. OPERATOR 

130. Considerations 

The ability to distinguish a difference in depth (stereoscopic 
acuity) varies with different people and the nature of the object 
observed. At normal reading distance (25-cm), it is possible to 
recognize depth differences between 0.05-mm and 0.15-mm. With 
a reasonably good image, the average accuracy with which an 
operator with acute stereoscopic vision can measure parallax is 
on the order of 0.10-mm. With magnification of image, the accu- 
racy of measurement can be expected to increase in approximate 
proportion to the magnification. In the multiplex, where the aver- 
age model is about 2,y> times the scale of the 6 inch focal length 
photography, an average error of 0.05-mm of parallax measure- 
ment is equivalent to 0.02-mm at the scale of the photography. In 
the multiplex system, the perception of depth is made more acute 
by increasing the angle between intersecting rays seen by the eyes ; 
this gives greater depth perception. In the process of contouring 
in a model, the operator makes a series of individual parallax 
measurements in rapid succession. The accuracy with which this 
can be done is somewhat dependent upon the image (sharp defini- 
tion or low density variation). Training and practice improve the 
stereoscopic acuity of the individual. 

131. Parallax 

Improper orientation will cause a model to be tilted or warped. 
Consistently good results (within the optical accuracy of the sys- 
tem) can be obtained only by careful removal of parallax from 
the model. The ability to remove parallax varies with the stereo- 



With careful measurement, the elevation of a point in the 
model may be determined with an accuracy between 0.05-mm and 
0.15-mm; however, the process of tracing contours is usually per- 
formed in a continuous, more rapid manner. Larger errors may 
thus be expected in contours, varying particularly with the terrain. 

133. Multiplex Accuracy 

No definite statement of multiplex accuracy will satisfy all 
cases in table IV. Many factors contributing to resultant errors 
vary so greatly that they can only be estimated for a particular 
project. Errors 1, 3, 4, and 5 in table IV are independent errors. 
The probability is against all of these errors occurring in any 
one place at the same time in any one model. The combination 
of these errors in a model should not exceed 0.2-mm. This is 
Vis oo f the flight altitude and represents one-half of a contour 
interval. Therefore, the basic maximum accuracy of the multiplex 
system may be considered sufficient for a contour interval of % ()0 
or Kooo of the flight altitude. However, this basic accuracy must 
be reduced in accordance with the other sources of error listed in 
the table below. For multiplex, the estimated accuracy may be 
considered sufficient for a contour interval of % 00 of the flight 
altitude. A thorough investigation should be made of all errors 
found so that they can be prevented, and future map accuracy will 
be increased. As the inaccuracy is determined, the specifications 
defining methods to be used and the accuracy required can be 
rmriopri fn fVhfoi-n A^ron o-voofo]* accuracy. Any increase in this 

usefulness of the multiplex method 



Table IV. Possible Sources of Error 



Source 



Magnitude error 



1 . Aerial Camera, T-l 1 , KC-1 . - 

2. Aerial Photography 

a. Correct Exposure 

b. Weather (Cloud Cover) 

c. Flight Height 

3. Aerial Photographic Material. 

a. Film Negative 

b. Diapositive 

c. Processing 

4. Multiplex Equipment 



0.1-mm 
Controlled by specifications. 



0. 1-mm 



0. 15-mm 



Source 



5. Operator's Ability 

a. Stereoacuity 

b. Manipulation of Motion 

c. Drafting Ability 

6. Control 

a. Primary Control Order of Accuracy 

b. Aerotriangulation Control 

(1) Photographic Identification 

(2) Selection of Pass-Points 

7. Terrain 

a. Flat Terrain, Difficult to Contour 

b. Mountainous, Extreme Shadows 



Magnitude error 



0.1-mm 



Controlled by skill of personnel. 



Varies with project. 



Note. The above listed errors are not necessarily cumulative, but tend to cancel each other: 




CHAPTER 9 

ADAPTING MULTIPLEX EQUIPMENT FOR OBLIQUE 
PHOTOGRAPHY 



1 34. Introduction 

The Air Force has made available to the Corps of Engineers 
extensive amounts of photographic coverage of the high oblique 
(60 from vertical) type. Standard multiplex equipment can be 
adapted to use this photography in the preparation of topographic 
maps. The modification of the multiplex equipment (app. VI) 
consists merely of adding two supplementary components, the tilt 
bar assembly and the condenser clamp. The tilt bar is an adjusta- 
ble device which is secured between the bracket assembly and the 
projector body and allows the projector body to be tilted 20 , 40, 
or 60 from the vertical. The 10 free motion of the projector 
body allows a full spread of 70 by the projector. The condenser 
clamp is a simple device for retaining the condenser assembly on 
the projector cone at extreme angles of tip. Figure 30 illustrates 
the oblique multiplex equipment. 

1 35. Diapositives 

The diapositives for oblique projection are prepared in the 
1-...1 _ j.,.,4.:, ;+ ; a manner similar to that used in 

.iy diapositives. However, it is ad- 
.c me a* c, inward the horizon progressively lighter, 
&u LUC we*ivcr illumination at this greater distance from the light 
source will not impair the visibility. 

1 36. Plotting Sheets 

For this method of mapping, the tilted projectors should be far 
enough away from the operator to permit plotting to approxi- 
mately 10 inches beyond the principal point, but not so far away 
as to prevent the operator reaching the projector orientation 
screws. The desired portion of the model, at optimum plotting 
scale, will occupy approximately 60-cm of the 76-cm width of the 
multiplex table. Therefore, to prevent the plotting sheet from 
overhanging the front of the table, it must be laid out to com- 
pletely cover the width of the usable portion of the model. To 
accomplish this, rectified oblique photographs should be outlined 





TILT BAR ASSEMBLY 



Figure SO. Oblique multiplex equipment. 



serve as a guide in the plotting sheet layout operation. No attempt 
should be made to standardize the size or the positions of the sheets 



The optimum plotting scale for 60 oblique models is 1/1.3 times 
the flight altitude in feet. Thus for a flight altitude of 20,000 feet, 

the optimum plotting scale is Y^~X 20 000 r 1:26 ' 000 ' When 
photography is flown with 60 percent overlap, such a scale will 
permit 13-mm clearance between projectors. Overlaps greater 
than 60 percent will necessitate plotting the obliques at a larger 
scale. This may be done for the area inside the principal points, 
but the extent of the usable portion of the model beyond the prin- 
cipal points will decrease. 

138. Steps Before Orienting 

As with vertical photographs, it is advisable to insert diaposi- 
tives in all the projectors at the bank to be set up, prior to start- 
ing the orientation operations. This is almost mandatory, because 
the projectors are not readily accessible, and it is likely that those 
models already oriented would be disturbed when adding a dia- 
positive to an adjacent projector. All interior orientation should 
be made in successive steps. All projectors should be set equidis- 
tant from the bar, and as far as possible, at the same elevation. 
The bar should be leveled prior to orientation. Light should be 
checked to insure maximum illumination. This is extremely im- 
portant for oblique projection. When the lights glare into the 
operator's eyes, strips of black tape can be used as shades over 
the top portion of the lens housings. 



, . ___entation of oblique pairs cannot be 

accomplished as satisfactorily as with vertical pairs, since the 
entire model cannot be used. However, parallax can be removed 
within practical limits from the usable portion of the model. To 
accomplish this, a procedure is used which is fundamentally the 
same as that used for vertical photography. The relative orienta- 
tion of oblique diapositives requires the use of the same transla- 
tional and rotational motions as used in the vertical setup. How- 
ever, in the adaptation of the vertical projectors to obliques, the 
freedom of the swing motion is lost and it is therefore necessary 
to use the general swing motion rather than the fine motion screw 
for removal of swing parallax. The fine motion screw can only be 
used when it is in opposition to the spring. While it is well for 
the operator to be familiar with the effect of each of the motions 
in oblique relative orientation, no detailed discussion will h 



which certain significant conclusions are made tor the benefit 01 
operators not familiar with this method of mapping. The proce- 
dure is written primarily for multiplex operators experienced in 
mapping from vertical photography. 

140. Parallax 

Figure 31 illustrates the positions in the model which are se- 
lected for the removal of parallax. The procedure described is for 
the case where only one projector is moved, the other being kept 
stationary. In the figure, the movable projector is II, on the right. 
Position 1 is near the principal point of projector II; position 2 
is between the principal point of projector I and the edge of the 
model on a line through the two principal points; position 3 is 
near the right corner of the short side of the model; position 4 
is near the left corner of the short side of the model ; position 5 
is as far out into the oblique area as it is possible to dependably 
view the detail, approximately on a line perpendicular to the air 
base, through the principal point of projector II; and position 6 
is analogous to 5, but on the other side of the model. 

141. Procedure for Relative Orientation 

The procedure for relative orientation is as follows: (All mo- 
tions apply to projector II (right projector)). 

a. Clear parallax at position 1 with y. 

b. Clear parallax at position 2 with swing. 
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parallax. 

d. Clear parallax at position 3 with y. 

e. Overcorrect parallax at position 1 (a very small amount) 
with z. 

f. Repeat d arid e above until positions 1 and 3 are cleared of 
parallax. 

g. Check position 2. If parallax' is present, repeat previous 
steps until positions 1, 2, and 3 are cleared of parallax. 

h. Clear parallax at position 4 with y tilt. The resultant ver- 
tical change may be removed by either the x motion along the bar, 
or the tracing table. 

i. Check positions 1, 2, and 3. If any parallax is present, repeat 
the above steps until positions 1, 2, 3, and 4 are cleared of parallax. 

j. Overcorrect at position 5 (equal to the amount of parallax) 
with x tilt. 

k. Repeat d, e, and i above until positions 1, 3, and 5 are cleared. 

I. ' Check positons 2 and 4. If parallax is present, clear by swing 
or y tilt. Position 6 should then be clear of parallax. If any is 
present, however, repeat the entire process until all six positions 
are cleared of parallax. 

142. Refinements 

In the above instructions, as in relative orientation of vertical 
projectors, the objective is to orient one projector with respect to 
the other to nroHnrp a r^rallpv fvoo vnodel. The order of the pro- 
Lion progresses, the parallax 

uy ea.cn succeeding procedure at positions already 
...^LCU will be reduced to a minimum. The effects of the z and a 1 
tilt motions are similar, and since the minimum effect of either 
of these motions is at the nadir point, position 3, which is as near 
the nadir point as possible, is selected as the zero point with re- 
spect to these two motions. Therefore, when parallax is removed 
at position 3 by y motion in paragraph 141i, the operator should 
observe the nature of the parallax pattern at positions 1 and 5. 
If the projectors were originally set perpendicular to the bar, 
parallel to each other, and the relative y tilt is not great, the nature 
of the parallax pattern at these points will indicate whether the 
z or x tilt motion should be used in the next step. If, for example, 
the parallax at position 5 is in the same direction as at position 1, 
but is more than about twice the parallax at position 1, or if the 
parallax at position 5 is in the opposite direction to that at posi- 
tion 1, an x tilt adjustment is needed. When positions 1, 2, and 3 



it is almost impossible to clear positions 1, 3, and 5 simultaneously 
when the y tilt is present. Due to the fact that the y tilt axis of 
the projector is tilted 60 with respect to the table surface, the 
maximum displacement in the projection due to the y tilt motion 
occurs at position 5, therefore the y tilt motion adjustment is 
made to remove parallax at position 4. 

143. Final Check 

It is recommended that most of the adjustments in relative ori- 
entation be made by color separation; that is, without the filter 
spectacles. Only the final precise check of the model for parallax 
should be made with the glasses and the floating mark. 

144. Absolute Orientation 

a. Horizontalization. Absolute orientation of oblique models 
with respect to ground control is similar to that for vertical models. 
When horizontalizing, the tipping of the model with the oblique 
projectors is more difficult than it is with vertical projectors. 
Therefore, the oblique model should be approximately horizon- 
talized during the relative orientation -process. This is of greater 
importance than it is for vertical models. Tilting the oblique 
model, however, is not so difficult, nor is it necessary to tilt the 
model with the projectors alone because the wide tilt base permits 
use of the multiplex bar for this adjustment. It is advisable to 
approximately horizontalize the model within 1-mm i: " 
direction and within 2-mm in the tilt direction, prior to tne nnai 
relative orientation adjustments. 

b. Scaling. As with horizontalization, the scale of the model 
should be made approximately correct during the relative orienta- 
tion operations. Introduction of a large amount of x movement in 
a parallax-free model will result in a reintroduction of parallax. 

145. Bridging 

Bridging oblique models is similar to the bridging of vertical 
models. The third and succeeding projectors are oriented in turn, 
with respect to the previously oriented projector as described in 
paragraph 141. 



possible to the principal points. Scaling the bridge is accomplished 
of expanding or contracting the distances in 
)rojectors, using the center pass points and the 
2 overall scale adjustments are necessary, the 
^checked for parallax. 



in oblique multiplex mapping that 
-ately brought into contact with the 
the model and when plotting plani- 
a lack of accuracy in this respect is 
lique models. The reason is that the 
ue model are so shallow that the hori- 
>ci is greater than the vertical displace- 
toating mark is raised 0.1-mm above 
i point, the horizontal displacement 
73-mm. Beyond the principal point 
icreases as the angle increases. In 
L effective angle in the y direction is 
. displacement, the horizontal shift is 
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^^not be identified and plotted very much beyond 
oint of the oblique projection in the multiplex model, 
o identify this detail is due, not alone to the falling 
.f.^ss in the projection, but also in part to the flat angle 
en, uno niiage points. In other words, this detail was not well re- 
solved on the original aerial negatives. It appears, however, that 
out to the principal point, the accuracy of identification of plani- 
metric detail is almost equivalent to that for a vertical model. 

1 49. Accuracy 

With adequate ground control, normal standards of accuracy 
may be obtained in medium scale maps with a contour interval of 
about % oo the flight altitude, using multiplex equipment converted 
to use of oblique photographs, provided the models are not ex- 
ploited beyond the principal points. 



CHAPTER 10 

USE OF RECONNAISSANCE PHOTOGRAPHY IN 
MULTIPLEX MAPPING EQUIPMENT 



50. Background 

The situation may arise, particularly during hostilities, when 
t is mandatory to map an area where the only existing aerial 
)hotographic coverage is of the reconnaissance type. Although 
t has been stressed in this manual that specific types of camera 
md film are the only ones suitable for photography for multiplex 
tvork, it is possible to produce a map from photography normally 
considered unsuitable, provided allowances are made for the limi- 
tations of the techniques involved. The entire technique of using 
reconnaissance photography in multiplex should be regarded only 
as a field expedient. A poor map produced when needed is better 
than none at all, or better than a good one made too late. 

151. Nonstandard Focal Length Photography 

As previously stated, multiplex equipment is designed to accom- 
modate photographs made with a 6-inch focal length lens. Because 
of the design features of the projectors, projection distances are 
limited between 270-mm and 450-mm, with 360-mm being the 
optimum distance, and the minimum usable distance between pro- 
jectors is limited to approximately 140-mm. 

a. The projectors are designed so that the plane of sharpest 
focus in the projected image is 360-mm from the projector lens. 
Since the depth of field is from 270-mm to 450-mm, some varia- 
tion in the scale of plotting is possible and points of high and low 
elevation within the model can be kept in good focus. Photographs 
having a forward lap of up to 70 percent can be set up at the mini- 
mum projection distance of 270-mm if the photography is of the 
focal length for which the projector was designed. Thin require- 
ment was considered in determining the size; of the projectors. 



lap B p = OAW, where W is the 
uie direction of flight. Therefore, 
p, the expression for the maximum 
oretically correct conditions is : 



B m (minimum) 
ninimum reduction factor permissible 

-linimum) 



It will be noted from these formulas that, as forward lap increases, 
*? /qofvoaQps and the maximum focal length usable decreases; as 

aches the maximum, the range of usable 

ecs. The formulas also define the limits of the 

.tsngui and reduction; Assuming the use of 9-inch by 

a, uives having a 60 percent forward overlap, and. assum- 

nifc wiat tfte plotting is done at the projection distance of 360-mm, 

the wide angle multiplex equipment can be used for photography 

with focal lengths up to 9!/4 inches and the minimum reduction 

factor can be as low as 0.12. Plotting at a projection distance of 

450-mm, the maximum focal length can be extended to ll 1 /^ inches 

and the reduction factor lowered to 0.096. 

b. To use photographs taken with lenses of nonstandard focal 
lengths that meet the above requirements, either of the two meth- 
ods may be used in making the diapositives. These two methods 
are: 

(1) Design and construct a special reduction printer for the 
particular camera-projector combination. 

(2) Make the diapositives with the available enlarging- 
reducing camera or with a copy camera set to the 
required theoretical reduction. 

c. The first of the two methods of b above is the more desirable 
when the quantity of the particular photography is sufficient to 
justify the construction of a reduction printer, built to give greater 
precision than can be obtained with available enlargers or copy 
cameras. However, results obtained by the second method can be 
quite satisfactory. Compensation for distortion in a copy camera 




Figure. 32. Relationship between bane distance and projection distance in 

ike multiplex model. 



lens cannot be made by using this second method. Also, it is 
probable that other distortions affecting the plotting accuracy may 
be introduced. 

d. When the equipment necessary for the methods outlined in 
6 (1) and (2) above is not available, fair results may be obtained 
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determined previously (K-18, 24-inch photography, for example) 
can be used in the multiplex only with a large error in the reduc- 
tion factor. Should tilt exist in the photographs, large errors will 
be caused in the model, which will increase with the relief in the 
area. This photography is relatively unreliable and should not be 
used except to fill in small gaps in coverage obtained with stand- 
ard mapping cameras. 

152. Effect of Reduction Error on Multiplex Model 

With truly vertical photography, the only effect that an error 
in reduction in the diapositive plates has on a multiplex model is 
to change the horizontal scale. One, figure 34 illustrates a multi- 
plex model in which the reduction is correct, the principal distance 
of the diapositives being equal to the principal distance of the 
projectors. Two, figure 34 illustrates the model formed with the 
same diapositives used in 1, 34, but with projectors whose prin- 
cipal distances are less than standard for the correct reduction 
factor. The figure demonstrates that heights measured in the two 
models are the same, but the horizontal scales are considerably 
different. 





Correct reduction 



Incorrect reduction 



jectors and B is the distance between exposure stations when 
the photographs were taken. From figure 33: 

B = 5x-x-x 

Therefore, the horizontal scale (Su) is 

if = H X E X ~C 

154. Vertical Scale 

The vertical scale of the model, S v , expressed as a representa- 
tive fraction is i?2i in which h m is the height above datum meas- 

h 

ured in the model, and h is the height above datum on the ground. 
From 1, figure 34 : 

h m _ Z 
P ~ D m 

In the perspective at the camera station 

A - :?. 

H ~~ D 

in which D and Z are the horizontal distances on the ground cor- 
responding to D m and Z m , respectively, in the model. Then : 



h ~ H D m Z 



D 



and S v = ~ 

ti 



\ 55. When Horizontal and Vertical Scales Are the Same 

From the preceding discussion, it is seen that the vertical scale 
in the multiplex model is a function of the projection distance and 
the flight altitude ; whereas the horizontal scale is a function of 
the focal length of the camera lens, the flight altitude, the reduc- 
tion in the printer, and the enlargement in the projector. The 
only situation in which the horizontal and vertical scales are the 
same is when C/F = A/E (fig. 33) or when the angular relation- 
ship in the projector is the same as that in the camera. 



156. Reduction Factors 

From the expressions for S and S H previously given 

<7 = EC 
v FA 

or S r , = 



substituting R t (the theoretically correct reduction) for C/F, and 
R,, (the actual reduction factor) for A/E gives 

Q R f v e 

" ~rf~ A "H 

JK<, 

157. Reduction Ratio 

For use of photographs made with cameras having nonstandard 
focal length lenses, diapositives should be prepared at a reduction 
ratio equal to the ratio between the principal distance of the pro- 
jector and the principal distance of the aerial camera used. When 
equipment is not available to do this, or when the focal length of 
the camera is larger than the limits set by the minimum reduction 
ratio usable in the multiplex, diapositives must be prepared at a 
false reduction ratio. This will adversely affect the plotting accu- 
racy. In such cases, the vertical scale in the model is different 
from the horizontal scale in a ratio which may be computed by 
the formula derived in paragraph 156, as follows : 

S r = =j~ x S/i 

JK,, 

With truly vertical photography, the accuracy of plotting will not 
be affected materially by errors in reduction. However, with tilted 
photography the accuracy decreases with an increase in the reduc- 
tion error. With large errors in reduction, the photography is use- 
less except for filling in gaps in photographic coverage of the 
proper type. 

158. Errors 

With tilted photography and a reduction error in the diaposi- 
tives, it is theoretically impossible to remove all parallax from the 
multiplex model. Practically, however, the parallax caused by 
small reduction errors will be negligible. As the difference be- 
tween actual and theoretically correct reduction increases, the 
parallax becomes quite large and the resultant model is only an 
approximation. Actually, under such conditions there are an in- 
finite number of model shapes which may be obtained from a pair 



the resultant multiplex model can be made reasonably free c 
parallax. Errors in the plot will be insignificant if a vertical seal 
correction, computed as indicated above, is applied. On the othe 
hand, if the error in reduction is large, even small tilts will c^us 
larger errors. 

1 59. Focal Length 

An important fact not always realized is that the vertical seal 
in a multiplex model is the same for any given flight altitud> 
regardless of the focal length of the aerial camera or the subse 
quent reduction in the preparation of the diapositive plates (as 
suming that the photography is vertical). Thus multiplex plotting 
accuracy is not increased by increasing the focal length of th< 
aerial camera as is often erroneously assumed. In fact, witrU* 
certain limits, the accuracy with which elevations can be deter 
mined in a multiplex model actually decreases with an increase 
in focal length of the photography. This is because stereoscopic 
perception in the model is increased by increasing the base-altitude 
ratio, which is possible with wide angle photography with shortei 
focal length lenses. 

1 60. Negative Inspection and Evaluation 

a. During the negative inspection, exposures from the negatives 
should be selected to be used in the stereoscopic examination, by 
multiplex, of these selected models for detection of warpage, dis- 
tortion, and negative quality within the model. The selection of 
these exposures and the test procedures are discussed below. 

b. The object of the roll (stereo) test is to observe such factors 
as: model flatness, parallax elimination, evidence of distortion, 
the quality of diapositives that can be obtained, and the ability 
to carry pass points to the adjacent model. This test is made from 
exposures selected from the roll to show representative negative 
quality throughout the roll. Exposures are selected to give stereo 
models at approximately 30-exposure intervals. In addition, three 
exposures (or two models) are selected near the ends of each roll 
to test the ability to carry over pass points from one model to the 
other. If conditions warrant, a third "carryover" test can be made 
near the center of the roll, and additional exposures can be added 
to any of these models (by "leapfrog" method) to give a longer 
extension for a more detailed analysis. 

c. The amount of control present and the suitabilitv of natural 



jected because of negative density or negative damage. 

d. The following is a guide for consideration in the perform- 
ance of the roll (stereo) test. 

(1) For tests to evaluate model flatness, parallax elimina- 
tion, distortion, and carryover ability, exposures should 
be selected with the following representative conditions : 

(a) Areas with meandering streams and rivers, or with 
canal developments. 

(b) Areas having relatively flat portions, such as large 
rice paddies, marshes, swamps, and wide river valleys. 

(c) Exposures that will produce models with long shore- 
lines. Sufficient land mass should appear in the model 
to allow orientation. 

(d) Extensive cultural areas having some of the above 
features. 

(e) Exposures that will produce models containing well- 
distributed, photoidentifiable points of known eleva- 
tion. If such a model is to be evaluate CAI^I- ^- - 
basis of this control, 

sary, 1 in each corner am 
are desirable. 

(2) To test negative quality 
posures of the following ty^ 

(a) For the density test, the 

should be representative 01 me thinnest and densest 
exposures in the flight. Dense, or thin, negatives 
throughout the flight generally have the same compara- 
tive density. 

(b) Exposures selected for the density check should be 
representative of exposures having discolorations and 
excessive denseness, thinness, flatness, and contrast. 
Exposures selected over well-developed areas or over 
areas having intricate hypsography will produce de- 
sirable models for proper evaluation of the amount of 
detail that can be denned. 

(3) For evaluation of damaged negatives, the test exposures 
should represent the worst that can be found in the flight. 
These exposures should be selected in conjunction with 
the exposures selected for tests for flatness, parallax 
elimination, etc. 

(4) Representative exposures selected for examination of 
negative damage should include those exposures with 



fects may be critical. 

(5) After selection of the exposures to be used, diapositive 
plates are made. The diapositive plates should be in- 
spected to insure that they are of the best possible quality 
that can be expected from the film. 

(6) The text models are set up by multiplex. Orientation 
is accomplished by leveling on available control on such 
natural features as lakes, shoreline, meandering streams 
and rivers, or relatively flat areas. The models are then 
examined for incongruous hypsography, visible warpage 
of the model, illogical terrain formations, and parallax 
that cannot be eliminated. The negative quality is ex- 
amined to insure that proper density has been obtained 
to define hypsographic and planimetric detail accurately. 
Further evaluation is made to determine the suitability 
of the photography for control extension. 

(7) When no defects are found in any of the models tested, 
or where the defects found are not cause for rejection, 
it is assumed that the remaining exposures of the roll 
are acceptable. If all the models tested are distorted, th< 
entire roll may be rejected. However, where one or two 
models are rejected and the remaining models are free of 
1 ' ' t is necessary to make additional tests in order tc 

e acceptable portions of the roll. 
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161. Accuracy 

a. As the success of the multiplex operation depends largely 
on the quality of the diapositives, utmost care must be taken in 
their preparation. The accuracy of the' final multiplex product 
can be affected, and the time necessary for its completion can be 
greatly increased through poor phototechnique or improper han- 
dling of the diapositive plates in the process of preparation. 

6. The process photographer should thoroughly familiarize him- 
self with the construction of the reduction printer (par. 12), and 
the special precautions necessary in its use. 

162. Equipment 

The equipment necessary for making diapositives consists of the 
following : 

a. Reduction printer. 

b. Photographic tanks for developing, fixing, and washing. 

c. Racks for drying. 

d. Thermometer. 

e. Interval timer. 

/. Continuous timer. 

g. Exposure meter (desirable, but not necessary). 

h. Camel's-hair brush, lens tissue, and lens cleaner. 

163. Diapositive Plates 

The diapositive plates should be of the best Duality obtainable 
with a relatively fine grain emulsion which does not creep or 
peel. These plates are procurable commercially as plates, dia- 
positive, coated with lantern slide emulsion, with antihalation 
backing, on specially selected flat glass, 1.50-mm 0.15-mm thick, 
54.3 by 54.3 0.5-mm in size. Contrast plates can be used with 
practically all aerial negatives. Medium plates are desirable with 
high contrast aerial negatives. 

164. Developing Solutions 

a. Considerations. In the course of time, the photographer must 
prepare diapositives from all qualities of negatives ; of strong or 
weak contrast, and of high or low density. No one photographic 
developer is uniformly satisfactory in all cases. The process photo- 
grapher should remember this, and should standardize on a de- 



of negative. In any case, the developer should be of a type that 
will retain the resolving power of the diapositive emulsion. Only 
one grade of contrast is generally used for diapositive plates, so 
the desired contrast in the diapositive must be obtained by varying 
the developer or the developing time, preferably the developer. 

b. Developers. Developers used in DA Supply Manual SM 5-4- 
6675-S21 set FSN 6675-41-3621 are Armed Forces Developer No. 
25, Mil Spec D--4827B (D-72 metol-hydroquinone), Armed Forces 
Developer No. 3, Mil Spec D-4826B (D-76 metol-hydroquinone- 
borax), and DK-60A. (Organizations will normally use developers 
used in the set and will mix their own developers only in an 
emergency.) For use, these developers are dissolved in water as 
specified on the container. Chemical formulas are also available for 
mixing different developers from the separate chemicals. For the 
production of diapositives, it has been found that two types of 
developers will give all the control of contrast and density required. 
The developers are described below : 

(1) DK-60A. Mix in the order given. Dissolve each before 
adding next ingredient. Cool to 67 F. Keep in full 
stoppered bottles and store in a cool place. Develop for 
9 minutes at 67 F. 

U.S. Liquid Metric 

Water (125 F.) 96 ounces 750 cc 

Elon (metol) 145 grains 2.5 

Sodium sulfite (desiccated) 6 3 /4 ounces 50.0 

Hydroquinone 145 grains 2.5 grams 

Kodalk or borax 2 oz. 290 grains 20.0 grams 

Potassium bromide 29 grains 0.5 grams 

Water to make 1 gallon 1.0 liter 

(2) AFD No. 25, Mil Spec D-4827B (D-72 metol-hydroqui- 
none). This is a universal developer suitable for the de- 
velopment of films, diapositives, contact prints, and en- 
largements. It is quick acting, completing its work in 
2 to 4 minutes. The chemicals are dissolved to form a 
stock solution which is normally diluted for use. For 
negatives of low contrast, the undiluted stock solution 
will increase the contrast in the diapositive. For nega- 
tives of normal contrast, one part of the stock solution 
should be diluted with one to four parts water. For 
extremely contrasty negatives, it may be necessary to 
dilute one part of the stock solution with as much as 12 
parts water. The stock solution has good keeping qual- 
ities when bottled and securely corked. When exposed to 



is normally used full strength, although it may be diluted 
for diapositives made from negatives with extreme con- 
trast. This developer has good keeping qualities and may 
be used over a period of several days if kept covered when 
not in use. 

(4) Formulas. For those who desire to mix their own chem- 
icals, the following formulas are given : 

AFD No. 25, Mil Spec D-4827B (D-72 <metol-hydroquinone) 

U.S. Liquid Metric 

Water (125 F.) 64 ounces 500 cc 

Metol or elon 175 grains 3.0 grams 

Sodium sulphite 6 ounces 45.0 grams 

Hydroquinone 1 O z. 260 grains 12.0 grams 

Sodium carbonate 10V 2 ounces 80.0 grams 

Potassium bromide 115 grains 2.0 grams 

Water to make 1 gallon 1.0 liter 

Thoroughly dissolve each chemical in the order listed be- 
fore adding the next chemical. This is a stock solution 
which is normally diluted for use ((2) above). 

AFD No. 3, Mil Spec D-4826B (D-76 metol-hydroquinone-borax) 

U.S. Liquid Metric 

Water (125 F.) 96 ounces 750 cc 

Metol or elon 115 grains 2.0 grams 

Sodium sulphite 13% ounces 100.0 grams 

Hydroquinone 290 grains 5.0 grams 

Borax (sodium borate) 115 grains 2.0 grams 

Water to make 1 gallon 1.0 liter 

Thoroughly dissolve each chemical in the order listed be- 
fore adding the next chemical. This solution is normally 
used full strength ((3) above). 

c. Fixing Bath (F-5) or Equivalent. After the diapositive is de- 
r eloped, it must be fixed to retain the image on the plate. The 
:hemicals for the fixing bath are obtainable in prepared form, for 
lissolving as specified on the container. For those who desire to 
nix their own chemicals, the following fixing bath formula is 
riven : 

U.S. Liquid Metric 

Water (125 F.) . . _ 89 ounces 600 cc 

Sodium thiosulphate (Hypo)__ 32 ounces 290.0 grams 

Sodium sulphite 2 ounces 15.0 grams 

Acetic acid (28 percent) 6 ounces 48.0 cc 

Boric acid crystals 1 ounce 7.5 grams 

Potassium alum 2 ounces 15.0 grams 

Water to make 1 gallon 1.0 liter 
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d. Temperature of Solutions. The temperature of all solutions 
used in the production of diapositives should be about 68 F. (20 
C.). At temperatures below 50 F., the chemicals in the developers 
fail to work properly, and possibly no image will be developed on 
the plate. At high temperatures, the emulsion on the plate will be 
softened excessively, causing distortions in the image. 

165. Setting Reduction Ratio 

The ratio in the reduction printer must be of the principal 
distance of the multiplex projector to the principal distance of the 
aerial camera, so that the angular relationship at the camera lens 
at exposure is exactly recovered in the projection. As described 
in paragraph 12a, the reduction ratio can be varied in the reduc- 
tion printer. Before printing diapositives, both knurled rings must 
be set at the calibrated focal length of the camera with which the 
photography was performed, so the printer will be in focus and the 
diapositives will have the correct principal distance for use in the 
projectors. Both rings are always set at the same figure. Although 
the 6-inch, K-17 camera is not considered a precision mapping 
camera, there will be occasions when photography from this 
camera is all the coverage available, in which case the equivalent 
focal length (in millimeters) should be requested from the agency 
performing the photography. The focal length is stamped on the 
lens mounting ring of these cameras. When photography has been 
accomplished with the T-5, T-ll, KC-1, and KC-18 cameras, the 
calibrated focal length (in millimeters) will be recorded photo- 
graphically on the film. 

1 66. Orienting the Negative 

To place the roll of aerial negatives in the printer, remove the 
dome and upper pressure plate and examine the surface of the 
pressure plates to see that they are clean and free from dust. En- 
gage the film spool in one bracket, draw the film (emulsion down) 
across the lower pressure plate, and attach to an empty spool in the 
other bracket. Then replace the upper pressure plate and dome. 
The proper interior orientation is obtained by alining the fiducial 
marks on the film with the collimating lines on the lower pressure 
plate. This alinement is made while observing the negative and 
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negative several times before absolute coincidence is attained be- 
tween the fiducial marks and the collimating lines. At times it 
may be found impossible to bring all four fiducial marks into abso- 
lute coincidence with the collimating lines, or dirt may have 
lodged in a fiducial mark in the camera so the mark is somewhat 
obscured. In such instances, it is best to use only three marks 
for the orientation and to be consistent in using these three marks 
in orienting all negatives of the flight. 

167. Density Control 

a. Generally, aerial photographic negatives are more strongly 
exposed in the center than in the corners. Inspection of the film 
will give the process photographer an idea of the density difference 
throughout the exposure in question. 

b. It is desirable to have diapositives of uniform density 
throughout, so the intensity of the light projected through the 
center of an aerial negative must generally be greater than that 
projected through the corners. To accomplish this, the printer is 
equipped with a compensating lens. By raising the compensator to 
the top of its travel, the .minimum intensity of light in the corners 
is obtained. An experienced operator can judge by examining the 
negative where the compensator should be set for best results. 
For the beginner, a few trial exposures at variou 

the compensator will indicate which should be used. 

c. Illumination in the reduction printer is providec ,., 
of argon lamps, each of which is controlled by an on-off s - 
that diapositives with uniform photographic density can . 
pared readily from aerial negatives with variations in density. 
Particular variations in density are compensated by turning out 
the individual lamps under the thin or transparent portions of the 
negative to balance the light coming through the different areas. 

d. Other variations in density (due to the altitude of the sun 
at exposure, variations in the type of terrain depicted, or other 
causes) cannot be compensated with the compensator lens or illumi- 
nation control. These density variations can be improved only by 
proper shading or dodging. This is a difficult task and only prac- 
tice will enable the photographer to dodge satisfactorily. Dodgin; 
disks or wands are inserted through the slot or dodging windov 
just above the pressure plate. 

168. Exposure and Processing 



A usable plate looks weak to the eye with transmitted light. The 
finest detail of the terrain, including that in the deepest shadow 
as well as the strongest highlight, must be recorded while holding 
the contrast to a minimum. A diapositive with excessive contrast 
is unsatisfactory. It is essential that all diapositives be of the same 
average contrast and density ; otherwise, the multiplex operator is 
forced to vary the illumination of his projectors continually. 

6. In general, any one roll of film has similar contrasts in each 
negative, but the densities may vary. This may require a different 
exposure time for each negative to get uniform diapositives. An 
experienced process photographer is able to judge closely the 
proper exposure, developer, and development time ; but where ex- 
perience with a similar type negative is lacking, trial exposures 
must be made to determine the proper treatment. If the trial ex- 
posures are made for those negatives having the highest and lowest 
densities, the exposure time for other negatives in the strip may 
be determined by using an exposure meter. 

c. To use the exposure meter, remove the dome from the printer 
and place the meter on the center of the pressure plate. Raise 
+v, ,n^^y. rM-Qoonv-o rOofo V^TT Tvioona of the foot treadle and run the 

le meter reading at the center 

(between the exposure times 

ui highest and lowest densities) 

Ange in meter readings, the exposure 

ega Lives may be determined. 

d. When ready to expose the diapositive plate, extinguish all 
light and use only the red safe light recommended by the diaposi- 
tive manufacturer. Secure an unexposed plate and remove all 
particles of dust and lint by gently stroking with a camel's-hair 
brush. Place the diapositive, emulsion down, on the diapositive 
stage and press it firmly against the stops provided on one end 
and one side of the stage opening. While holding it in this position, 
place the clips over the diapositive to hold it in place while the 
exposure is made. A felt-covered weight about the size of the 
diapositive and weighing . approximately one-half pound may be 
used instead of the clips. It is extremely important that the dia- 
positive be in perfect contact with the stage. Expose the plate by 
turning on the lierht in the nrinter. Afte.r rtrnnp.r pvnnsurp time. 



/. Alter developing, tne piate snouia oe rinsea in ciear running 
water at 65 F. and then fixed for 10 minutes. The fixing bath 
should be freshly mixed, free of impurities, and of the same 
temperature as the developer. After fixing, the plate must be 
washed in clear, cool, running water for about 30 minutes. In 
washing, it is necessary that the water be absolutely clean. If there 
is sediment present, it may scratch or adhere to the plate. This 
does not always render the plate useless, but may cause the multi- 
plex operator considerable annoyance. 

g. Best results are obtained by air drying the plates in racks 
to allow all of the solution to drain off and dry on both sides at the 
same time. Grain or denatured alcohol is used to speed the drying 
process. Wood alcohol should not be used because of its toxic effect. 
After washing, immerse and agitate the plates in alcohol for 60 
seconds. Remove from the alcohol and allow surplus alcohol to 
drain off to one corner. At this point it is permissible, where 
necessary, to swab the emulsion very lightly with a cotton swab 
saturated in alcohol. At no time should the emulsion be touched 
with the fingers. Then place the diapositive, emulsion side up, on 
the table or a piece of cardboard for drying. 

h. The photographer must constantly realize the necessity for 
handling the plates with extreme care. Minute displacements in- 
troduced in the emulsion by improper handling cause distortion in 
the multiplex model, making it impossible to remove all parallax. 
If the water for washing is clean and the "hypo" and developer are 
fresh and free from impurities, there is no necessity for swabbing 
the emulsion side of the plate. 

i. A process photographer who has had some experience as a 
multiplex operator is able to produce better plates as a result of the 
experience. A limited amount of training in multiplex operation is 
therefore recommended for process photographers. 

169. Silicone Spots 

A new process for making clothing and other fabrics water re- 
pellent is based on the use of silicones, and cloth so treated is 
available on the market under numerous trade names. While it is 
an effective treatment for rendering fabrics water repellent, this 
treatment has been found to present problems to the photographic 
industry and to those who use photographic materials. It has been 
found that silicones used for cloth treatment will fog some photo- 
graphic films and papers rapidly, if lint from a ailicone treated 
garment gets into contact with motion picture print film, for 



etc. it is expected, nowever, tnai, IL win ue useu uu mm Leu y uni- 
forms and nonclothing items such as seat covers, upholstery fab- 
rics, and drapes. The sensitivity of photographic materials to 
silicone fogging varies a great deal. If films are held at elevated 
temperatures or high humidities (above 70%), this sensitivity is 
greatly increased. The photographic materials most readily affected 
are Motion Picture Print Film, Aero Films, Micro Films, and 
papers used for photostat work. Loss of photographic materials 
can be minimized if users realize the possibility of dang-er and take 
precautions to prevent the wearing of silicone treated garments in 
areas where photographic films and papers are used. Suspected 
clothing may be tested for silicone treatment by rolling a thread or 
fibers scraped off the cloth in several tightly wound laps of Fine 
Grain Cine Positive or Kodagraph Print Film. The roll should be 
sealed in a container such as a well taped can, and kept overnight 
at about 120 F. or 3 days at room temperature. Normal processing 
will show a fogged pattern corresponding in position to the thread 
or fiber if the cloth has been silicone treated. It has been found 
that washing the hands will remove silicone transferred from 
clothes to hands during normal handling of garments. 
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The contour interval plottable to the customary accuracy of J^ contour interval will be between 
and the distance of the plotting from the optimum projection plane. 

FORMULAE AND CONSTANTS FOR WIDE 
Focal length =6" 
Focal plane size = 9" x 9" 



APPENDSX II 
MULTIPLEX AND PICTURE DATA FOR 6" CAMERA 

At altitudes for optimum projection plane 
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and ; the altitude, depending upon thi> quality of thu photographs, the contrast in the terrain, 
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ANGLE MULTIPLEX RELATIONSHIPS 



FLOATING CROSS USED IN RELATIVE ORIENTATION 



1. A cross to replace the floating dot in the operation of remov- 
ing y parallax from multiplex models has been used in Canada and 
Europe for many years. 

2. The cross consists of two right-angle black lines which are 
turned so the legs are approximately 45 to the operator's eye 
base. When viewed within a stereoscopic model, the cross floats up 
or down with the tracing table platen in the same manner as does 
the floating dot of light. The presence of y parallax, however, 
causes one of the lines to appear higher than the other. Parallax 
can be removed by the adjustment of appropriate projector move- 
ments until the two lines of the cross are brought to the same 
elevation. 

3. A test was conducted in which an operator of considerable 
experience used the dark cross and the dot of light in removing y 
parallax. During the first week of trial the last traces of parallax 
proved difficult to remove by reference to the cross and preference 
for the dot of light was expressed. However, as experience was 
gained, the advantages of the cross became more and more ap- 
parent. The dot of light was referred to only in rare cases where 
portions of a model were extremely dark. A more accurate solu- 
tion for relative orientation can be obtained by reference to the 
cross. The inertia of skilled technicians in resisting the use of new 
and unfamiliar methods must be overcome. The training of new 
operators in the removing of y parallax is facilitated by the use of 
the cross. 

4. The most satisfactory cross consists of two right-angle black 
ink lines intersecting at their midpoints. The lines must be about 
2.5-cmlongby 0.125-mm wide and they must be clear-cut and sharp. 
The cross is drawn on a small piece of white paper and is laid on 
the platen to one side of the dot of light, thus permitting the selec- 
tion of either reference mark. In this way the cross can be re- 
moved while map detail is being compiled. Experience has shown 
that the cross must be kept in exact contact with the model surface 
while y parallax is being removed. The illusion of separation be- 
tween the lines of the cross when y parallax is present is explained 
by the fact that each eye of the operator sees the cross at a different 
place. The lines are immediately fused into a single image, but the 
legs appear at a different elevation because along one leg the "blue" 



APPENDIX !V 
STEREOVIS1ON TESTS 



1. introduction 

Good stereoscopic vision is a basic requirement of all multiplex 
operators. Stereoscopic vision is common to most people, but in 
varying degrees. Those who have good steneovision do not develop 
it further in the daily routine of life ; but, with the proper training 
or with the aid of prescribed glasses, it may be developed to the, 
standard requirements of a multiplex operator. 

2. Purpose 

The eye tests are given to a candidate for multiplex training 
in order to evaluate his ability to perform certain basic functions 
involving stereoscopic perception. This evaluation is based on tests 
showing : 

a. Ability to see stereoscopically by use of the stereoscope. 

b. Ability to measure depth with a reasonable accuracy by ob- 
serving and recording measurements of points in a stereomodel. 

c. Ability to coordinate eye and muscular control by plotting 
contours or form lines. 

3. Materials Required 

a. Stereoscope. 

b. Stereograms. 

c. Multiplex glasses. 

d. Multiplex stereoequipment. 

e. Photographs. 

/. An oriented stereomodel, having different types of terrain and 
the best density obtainable for stereoscopic view. 
g. Manuscript with preselected points plotted. 

4. Procedure 

a. Step 1. The candidate is assigned to a multiplex booth pro- 
vided for giving an eye test. The individual is given a stereo- 
scope and two stereograms (fig. 35) with oral instructions pertain- 
ing to the use of the stereoscope and the method for solving the 
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1 What is the hidden message? 
Figure 35. Stereo grams. 



spell a message which should be written down and given to the 
instructor. 

c. Step 3. In 2, figure 35, the individual views each row (A, B, C, 
and D) separately and records the number of each circle that ap- 
pears to float above the plane formed by the paper and the other 
circles. 

d. Step 4. The candidate is then given an explanation of the 
parts of the multiplex equipment which he will need to use in the 
other tests. The instructor should demonstrate the principles and 
the use of the floating dot. When the instructor is satisfied that the 
individual has a complete understanding of these principles, he 
shows him the position of the preselected points which are marked 
on the manuscript. Time should be allowed for practice in reading 
these positions until the individual feels he is ready to record his 
measurements. He then reads and records the elevation of each of 
the points and gives them to the instructor after each set of read- 
ings. This is done three times to determine the accuracy and con- 
sistency of the individual's observations. 

e. Step 5. The candidate is now ready for the part of the test 
involving contours. He should first understand that a contour is an 
imaginary line of the earth's surface, connecting points of equal 
elevation. The instructor should plot a contour, explaining the 
principle of keeping the floatiner dot in contact with the e-rounrl 



2 Floating-circles stereogram text 
Figure 35 Continued. 



tour. The candidate is now asked to plot approximately two inches 
of a contour, at a given elevation, on both sides of a ridge. When 
this is completed, the tracing table is raised or lowered 2.0 milli- 
meters and the individual plots another contour on both sides of the 
ridge. 

/. Step 6. When the tests are completed, the instructor checks 
each part and records the results on the evaluation card (fig. 36). 

5. Evaluation 

a. Stereograms. The answers are checked by using an answer 
list provided for this purpose. The stereogram test is graded 
on a percentage basis ; 90 percent is considered an acceptable 



candidate. This is done for each of the points, and the candidate 
is rated by totaling the maximum plus and maximum minus vari- 
ance. To be acceptable for multiplex training, the sum of the 
variances should not exceed 0.5 millimeter. 

c. Contouring. When the candidate has plotted the two contours, 
2.0 millimeters apart, the instructor checks them by plotting the 1.0 
millimeter contour that falls between the two. The contour test is 
graded as poor, fair, good, or very good. This test is a coordination 
exercise rather than a measurement test. 

d. Evaluation Card. If the evaluation card shows that the 
candidate's stereoscopic vision is unsatisfactory for immediate 
multiplex training, additional training may be given to improve 
his perception of depth. Daily practice in fusing the stereograms 
will aid in increasing the individual's power of fusion. The eyes 
should be rested if they become tired. 
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APPENDIX V 
MULTIPLEX SECTION FLOOR PLAN 
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APPENDIX VI 
ADJUSTMENT OF OBLIQUE EQUIPMENT 



1 . Additional Equipment 

In converting vertical multiplex equipment to use oblique photog- 
raphy, additional equipment will be needed in order to reposition 
the bar in such a way that full use of the entire projection distance 
is made available during operation. This additional equipment 
consists of : 

a. One tilt bar assembly and one condenser clamp for each 
projector. 

b. Two multiplex projector packing cases to each multiplex bar. 

c. One short length of wood, approximately 18 inches long, 4 
inches wide, and 4 inches thick, for each packing case. 

2. Converting From Vertical to Oblique 

a. Multiplex Projector Packing Cases. Two packing cases are 
used in lieu of the multiplex table, to hold the two end supports 
of the multiplex frame. This allows the frame to be positioned 
behind the table. Because the packing cases are not quite high 
enough, a length of wood is placed on top of each packing case and 
used as a rest for the foot pads. 

b. Multiplex Frame. The multiplex frame is assembled and 
placed on the packing cases and centered and leveled in this posi- 
tion. Before moving the frame from the table to the packing cases, 
all projectors are removed from the bar and all electrical circuits 
and air hoses are disconnected. 

c. Multiplex Table. The multiplex table is placed so that it 
will be directly under and in front of the projectors, and leveled 
in the usual manner. To facilitate the conversion to oblique, the 
multiplex table is the last item to be moved and adjusted into 
place. This will enable the multiplex operator to stand between 
the table and frame for ready access while converting the projec- 
tors. 

3. Oblique Projectors 

The oblique projector is an adaptation of the standard vertical 
projector; the modification consists merely of tilting the projector 
from the vertical by the addition of a tilt bar assembly and a con- 



has been placed on the packing cases, replace one projectc 
time and convert to oblique. Assemble the condenser clamp 
condenser in the following manner : 

(1) With the free swing motion, turn the projector clo 
approximately 100 and lock in this position. 

(2) Remove the condenser from the projector body ; si: 
condenser clamp up from, the bottom of the cone 
and replace the condenser on the projector body. 

(3) With the wing clips of the condenser clamp faci 
operator, adjust the clamp so that the bottoms 
wing clips can be firmly swung to a holding p 
under the projector base lip. 

(4) Tighten the clamp to the condenser. Thus, the con 
is fastened and held rigidly in place with the air 
nipple, filters, and the diapositive centering s 
readily available to the operator. 

b. Tilt Bar Assembly. The tilt bar assembly is an adji 
device which is secured between the bracket assembly and tl 
jector body, and allows the projector to be tilted 20, 40, 
from the vertical. Assemble and adjust the tilt bar assen 
the following manner : 

(1) Disengage the condenser clamp from the projectc 
lip by an outward swing of the wing clips, and i 
the condenser from the projector body. 

(2) Separate the projector body from the bracket as! 
by removing the four flat head screw bolts joining 

(3) Separate the tilt bar assembly by removing tht 
nuts and bolts. 

(4) Fasten the tilt bar to the projector body by rei 
two of the four flat head screw bolts removed 
above and, in addition, use two of the four rouni 
screw bolts furnished with the tilt bar assembly. 

(5) Fasten the angle rack to the bracket assembly 
same manner as in (4) above. 

(6) Connect and adjust the projector body to the t 
assembly at the required degree of tilt, with tJ 



ector is in the middle of its Z range and the platen is in the 
51e of its range directly over the principal point of the projec- 
image. It becomes rather difficult to obtain a correct measure- 
t because of the angle of the projector. Therefore, it has been 
rmined that the vertical distance from the projector boss to 
platen is 235-mm. When the projector is tilted 60, this dis- 
:e of 235-mm then is used to obtain the proper optimum pro- 
ion distance for 60 oblique models. 




MISCELLANEOUS EQUIPMENT 



1 . Projector Levels 

The wide-angle projector level (fig. 38) is designed for use A 
the wide-angle projectors for the purpose of measuring the an 
of tip and tilt at which the projector has been set and for ad jus 
it to a predetermined inclination. It consists of a base, which i 
be attached to the projector in place of the condenser, and at 
it a casting carrying a bubble level and an observing microsc 
The base has a swinging arm with a slot to engage the boss on 
projector for the purpose of securing proper orientation of 
projector level with respect to the projector. The swinging , 
is held away from the projector when not in use by means < 
catch. When released from the catch, the arm is held against 
projector bracket by the action of a coil spring. The casting i 
be rotated about the base so that the crossline in the obsen 
microscope may be alined with the collimation marks on the 
positive and locked in the desired position by means of the cli 
screw. The swing of the diapositive with respect to the proje 
may then be read on the graduated circle on the rotating por 
of the instrument. Direct readings to 15 minutes of arc maj 
made with the aid of the vernier attached to the base. The 1 
is mounted on an arm attached at one end of a horizontal bear: 
about this bearing the arm can be caused to rotate in a plane 
pendicular to the base of the instrument by the action of an adj 
ing screw working against a spring plunger. At the other en 
a scale and vernier graduated to read angles up to 10 above 
below the horizontal, with a least reading of 5 minutes of arc. 
instrument has the same weight as the condenser. The const 
tion of the normal projector level is similar to that of the w 
angle projector level except that no provision is made for on 
ing it with respect to the projector or the diapositive. The ai 
of inclination may be read below the horizontal up to 10. 

2. Height Gage 

The height gage (fig. 39) is used for measuring the heigh 
the projector above any datum plane. The height gage has 
English and metric measure, iy* inches to 24 inches and 40-mi 
60-cm outside of the jaws, and can be read to 0.001 inch 
by vernier. There are two indicators attached to the he 
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Figure. 38. Widt'-anfflc projector level. 

height 'from the boss to the platen is read direct and the lower 




Figure 39. Height gage. 

table directly under the projector lens and permits the nadir poii 
to be marked by dropping the pencil point. The instrument ms 
also be used in leveling- an individual projector, since the princip: 
point and nadir point are coincident only when the projector 
truly level. In this operation, the tracing table is first set at tl 
projector nadir point and the tip and tilt screws adjusted unl 
the principal point is centered over the dot of light. 

a. Attaching the Nadirscope. In attaching the nadirscope ' 



i rl i vi t 





Figure 1+0. Nadirscope. 



cing table platen lowered so as to give the greatest possible 
tance between crosshairs and shadow. It is also necessary that 
i centering be checked from time to time to insure that verti- 
ity of pencil, point of light, and crosshairs remains true. Any 



the two plotted points represents twice the centering e: 
must be removed by means of the adjusting screws of tl 
scope. Exact centering is achieved by repeating the p 
until coincidence is obtained. As a final cheek, the ci 
should be moved out of position and then back and the te 
to be sure that the frame always returns to the same posi 
d. Application of Nadirscope. The nadirscope is emp 
application to BZ curves (SHORAN), to level a projecto: 
determining x tilt and y tilt angles in a diapositive. 

(1) An application of the BZ curve is its use in fin 
displacement between the true photo plumb p< 
the nadir point directly beneath the projector 
indicated by the multiplex nadirscope. Where th 




can be individually oriented, these two points are the 
same. In strip orientation, however, the fall-off in pro- 
jector height also introduces a "false tip" which must 
be analyzed and corrected in the course of scaling to 
Shoran control. The false tip in any projector is the 
angle between a horizontal line and a tangent to the curve 
at the point representing the projector. The displace- 
ment between the true photo plumb point and the indi- 
cated projector nadir point is equal to the projection dis- 
tance times t'he tangent of the angle of false tip. In prac- 
tice, the projection distance is found by measuring the 
vertical distance from the model surface at the indicated 
nadir point to the top of the projector boss, and then 
subtracting the distance from the emergent node of the 
lens to the top of the boss. In this operation, the height 
of the top of the boss above the emergent node may be 
considered a constant of 3.89-mm for all Army projec- 
tors. The tangent of the false tip angle is merely the 
slope of the line tangent to the curve expressed as a ratio 
of ordinates to abscissas. 

(2) The nadirscope may also be used to level a single pro- 
jector, since the principal point and nadir point are coin- 
cident when the projector is truly level. This is an im- 
portant operation in the determination of true flying 
heights by multiplex methods. 

(3) By analysis of the relation between the nadir point and 
principal point, the x tilt and y tilt angles of a diaposi- 
tive may be determined. 



APPENDIX VIII 
SUPPLEMENTAL PHOTOGI 



1. To reduce the overall cost of the map con 
photographic coverage of a mapping project 
at the highest possible altitude which will s 
and vertical map accuracy requirements usi 
struments. High altitude photography minim 
for geodetic control and reduces the number o 
tion. It also reduces the ability to photoident 
Large scale supplemental photography can 
pensate for this limitation in identifying feat 
photography. 

2. When the scale of basic mapping photogi 
mapped at large or medium scales is smaller 
field classification survey is not performed, i 
procure 12-inch focal length supplemental j 
ever a field classification survey is performe< 
tography is not necessary except for highly 
areas bejng mapped at large, scales. 

3. Normallv. the supplemental photograp 

focal length cameras of 
unc opiit vertical position or with i 

J a 9- x 18-inch format mounted i] 

The basic mapping and supplemental photog 
posed simultaneously. 

4. A study of long focal length photograph; 
focal length of the camera is increased at a c 
ground detail that may be identified also incr< 
that if the focal length is greatly increased, ' 
that may be identified will approach the am 
that can be obtained by a complete field classifi 
results could never be obtained). The cost ii 
mapping, but does not provide as satisfactoi 
plemental photography is more expensive th* 
on 1 : 250,000 scale mapping and will not give 
fore, the cost is justified for large scale ma 
classification, where the basic photography 
smaller. 

?i Tf Vine VwiAti fnv+Vmv rli+-ciryviina/^ Vvtr -nav-t 



r as opposed to the 6-inch viewed at the smaller scale. There- 
supplemental photography to accompany basic 6 inch focal 
i high altitude photography is vital at altitudes over 15,000 
or identification of map detail. The 12-inch focal length pho- 
phy is adequate for altitudes up to about 30,000 feet, but the 
length should be increased at altitudes above 30,000 feet. 
supplemental photography should cover the same areas cov- 
yy the basic photography, preferably exposed simultaneously 
;he basic coverage. 

The criteria for determining specifically when supplemental 
graphy is required are shown in table V. 

Table V. Supplemental Aerial Photographic Requirements 

(When the scale of the basic mapping photography is smaller than 1:30,000) 



Map scales 



1:25,000 


1:50,000 


1:250,000 


Typical areas and 


W/ 
field 


\V/o 
field 


W/ 
field 


W/o 
field 


W/ 
field 


W/o 
field 


type of terrain 


classi- 


classi- 


classi- 


classi- 


classi- 


classi- 




fication 


fication 


fication 


fication 


fication 


fication 


ily developed domestic. 














id foreign .. . ~ 


Yes 


Yes 


Yes 


Yes 


No 


Yes 


ntal areas ... 


Yes 


YCR 


Yes 


Yes 


No 


Yes 


i;rt foreign 


No 


Yea 


No 


Yes 


No 


No 


eloped valley areas 


No 


VCH 


No 


Yes 


No 


Yes 


i forest ... - _ . . 


No 


No 


No 


No 


No 


No 


ns areas domestic. 


No 


YH 


No 


Yes 


No 


Yes 


HH ureaH foreign - 


No 


YflH 


No 


Yes 


No 


Yes 



When a field completion survey is planned, the requirement for supplemental photography 
will he the same as when no field classification survey is performed. 



APPENDIX IX 
MULTIPLEX VAN SECTION 



1 . Introduction 

The Multiplex van section (fig. 42) consists of an Enginee 
expansible van body mounted on a standard 2V-> ton, 190-inc 
wheelbase, M46 truck chassis, outfitted with multiplex equipmen 
The van also contains photographic-laboratory equipment. It i 
air transportable, and requires no suppression treatment for radi 
interference. 




Figure 42. Multiplex van section. 

2. Description 

The van body is constructed with a steel frame, aluminum ar 
plywood floor, roof, and sides, and fiberglass insulation. Overs 
length including the truck is 343 inches ; width retracted 96 inche: 
width expanded 168 inches ; and height 132 inches. Interior hea 
ing is provided by two gasoline-burner type heaters. Cooling 
accomplished by an 18,000 BTU per hour air conditioner. The ele 
trical system is wired for a 120/209-volt, 3-phase, 4-wire pow< 
source. Power is normally supplied by a trailer-mounted gasolin 
driven generator connected to an inlet receptacle at the rear of tl 
van. 



comprises the compilation unit, and the rear left portior 
as a photo lab. The permanently installed equipment is Ic 
the solid portion of the van and work space is provided b: 
panded floor sections. 

4. Control Extension 

The part of the van equipped for control extension 01 
is furnished with a standard double multiplex frame cons 
two matched standard single frames and a double frame 
The double frame, described more fully below, is capable 
ing 18 projectors. The two single frames can be used indi 
each capable of holding nine multiplex projectors. Th< 
extension subsection is also furnished with 2 multiplex t 
projectors, 2 voltage control units, 1 storage cabinet wii 
plex accessories, drafting equipment, and supplies. This 
tion can also be used effectively for multiplex compil 
dividing it with curtains into four individual booths. 

a. Double-Frame. The double multiplex frame require 
tral support and is formed by removing one end support f : 
of two single frames and joining the single frames in tl 
with a double frame adapter. Before transit, each sing] 
Qonnvn/1 frt t>io +vio top by tiedowns consisting of cushio 

nch cables, and locking nuts. The i 

ssue items measuring 3 ft by 7 ft, wi1 

am top supported on five steel legs. ' 

ia*ve it possible to slide the table forward : 

xx^ wi<, i* m the position required for oblique photogra; 

pilation. 

b. Multiplex Projectors. The projectors used in this 
standard equipment, self cooling, and require no blowe 
are stored three projectors, with accessories, to a case 
transported in the cargo trailer. 

c. Voltage Control Units. The voltage control units a 
ard items, dial type, and consist of a control box and trai 
The units are mounted on individual caster-type dollies \ 
be secured to the floor and stored under one of the multipi 
during transit. 

d. Multiplex Supply Cabinet. The supply cabinet is 
6-drawer-type unit, 24i/ 2 inches wide, 24 V& inches long, 



> contains a standard multiplex reduction printer and acces- 
a photographic temperature-controlled sink, a diapositive 
ank, water storage tank, water pump, diapositive storage 
;, storage cabinet for photographic supplies and accessories, 
3 photographic safelights. 

ultiplex Reduction Printer. The multiplex diapositive plate 
on printer is mounted on an all-metal dolly with rubber- 
asters and is moved onto the expanded floor section when 
During transit it is stored between the sink and the supply 

hotographic Processing Sink. The processing sink is tem- 
re controlled and consists of a stainless steel "sink top" 
supporting all-steel cabinet which houses the temperature 
. unit, a heat exchanger, a water circulating pump, and the 
;d plumbing. The temperature control unit is capable of 
itically heating or cooling 1 to 1% inches of water in the 

the required temperature of 68 F. or any temperature in 
3 F. to 90 F. range. The sink is filled through an intake 

proper regulation of the three-way valves on this line. The 
ater pump circulates the water from the right side of the 

> the pump, thence to a heat exchange drum, temperature 
I unit, and back to the sink from the opposite side. 

'iapositive Wash Tank. The wash tank is mounted over the 
nd drains into the sink drainage system. After passing 
h the coils of the heat exchanger, water enters the tank 
h a perforated %-inch feed pipe. 

Vater Storage Tank. Water for the system is stored in a 
y feed type, 100-gallon capacity tank. The tank is equipped 
wo baffle plates, a waterlevel gage, an overflow pipe, and a 
in to catch condensate. 

Hapositive Storage Cabinet. Storage space for diapositive 
and data is provided by a small 2-drawer wide, 1-drawer 
netal cabinet situated on top of the photographic storage 
st. One drawer is partitioned to accommodate processed dia- 
7e plates, and the second drawer is used for filing photo lab 
is and data. 

^hotographic Storage Cabinet. A metal cabinet with adjust- 
helves and sliding doors is used to store photo lab supplies. 
a %-inch, plastic covered, plywood top for use as a working 
le. 
Safelights. Two photographic safelight frames are installed 



standard photo safelight filter and are equipped with a blockout 
disk which provides white light when rotated to a position that ex- 
poses an open area on the bottom of the frame. 

6. Map Compilation 

The third and last portion of the van is used for map compila- 
tion. It is equipped with two 32-inch multiplex frames consisting 
of a table, short frame, and voltage control unit. Additional equip- 
ment in this unit consists of six multiplex projectors, two multiplex 
tracing tables, and two drafting stools. 



<* 



ix 




Opening the roof and floor sections. 



7, Expansion and Retraction 

Only two tools are necessary for the operation of the van. One 
of these is a crank for cranking the expansible sides in and out. 
The other is a locking tool used for locking and unlocking the sides. 
Expansion of one side of the van is accomplished as described 
below. 

a. Two locking studs (small square studs on the side of the 
van) are rotated 90 with the locking tool to unlock the side. 



out on either or both. (The sections are interconnected so as 
moves, the other moves also.) 

e. The three supporting hooks just below the ceiling are sv 
out from the expanded wall and at right angles to it. 

/. The end panels are swung into their proper positions anc 
guide bolts are inserted into the receivers. 

g. The side is cranked in as far as it will go and the draw 1 
in the ceiling are attached to the supporting hooks, and dr 
tight. 

h. This completes the expansion procedure for one side oi 
van (fig. 46) ; the other side is expanded in exactly the same r 
ner. Retraction of the van is accomplished by reversing the 
cedure described for expansion. 




Figure 46. Van expanded. 



olute orientation See orientation. 

olute parallax See parallax. 

wracy Degree of conformity with a standard. Accuracy re- 

,tes to the quality of a result, and is distinguished from preci- 

on which relates to the quality or refinement of the operation 

f which the result is obtained. 

base The line joining two air stations or the length of this 
ne. See base line. 

meter An instrument which utilizes relative pressure of the 
tmosphere to indicate the vertical distance above a specified 
atum plane. 

tude The vertical distance above the datum, usually mean 
ia level, to an object or point in space. 

iglyph A picture printed, or projected, in complementary 
Dlors and combining the two images of a stereoscopic pair, and 
r hich gives a stereoscopic image when viewed through specta- 
ies having filters of corresponding complementary colors. The 
ame effect can be obtained by using polarized light and filters. 
lie of coverage The maximum angle subtended at a lens by 
ght rays forming the image. 

muth line A radial line from the principal point, isocenter, 
r nadir point of a photograph, representing the direction to a 
imilar point on an adjacent photograph in the same line of 
light, used extensively in radial triangulation. 
?e line Line connecting the lens nodes of adjacent multiplex 
>rojectors. Corresponds to and is a miniature representation 
>f the air base. 

locular vision See stereoscopy. 

idging The extension and adjustment of photogrammetric 
surveys betwen bands of ground control. 

' curve The curve obtained when a smooth line is drawn 
through points representing the height and distances along the 
flight line of several projectors used in a multiplex extension. 
BZ is the differential change in the relative position of a plotting 
camera. It is measured parallel to the z axis of the instrument 
spatial coordinate system. 

factor The ratio of flight altitude to contour interval which 
may be compiled with 90 percent of elevations interpolated from 

tn within onfi-half the contour interval. 



Calibration-?** act or process of determining certain sp< 
measurements in a camera, or other instrument, for compai 
with a standard. 

Cantilever extension-Tte prolongation of a strip of I*"* ** 
, ..-,..,. . WW ofviV methods from a controlled area to an 

rt of expressing graph icall: 

known physical features o 

lt iding the works of man an< 

glass surfaces have been c< 

of such index of refraction 

eflection. This reflection lo 

it 4 percent per air-glass sui 

lower pressure plate of tr 

jgative is oriented. See fie 

reduction printer to compe 
from the center of an i 

iting map detail from aerial j 
it a control network in the pre 

Complementary colors Colors which, when added together, 
as by projection, produce white light. 

Condenser A lens or lens system so designed as to concei 
the illumination from a light source upon a limited area. 

Conjugate distances The corresponding distances of objec 
image from a lens. For every position that an object may o 
with respect to a lens, there is a corresponding position f 
image. These distances are called conjugate distances. 

Contour An imaginary line connecting the points on a lani 
face that have the same elevation ; also the line representin 



Horizontal control Control which determines horizontal posi- 
tions only, as with respect to parallels and meridians, or to 
other lines of reference. 

Multiplex control Control established from other existing con- 
trol by bridging or by cantilever extension. 
Recovered control Control previously established from other 

sources, which can be identified. 

Starting control Control available for the absolute orientation 
of the first plate pair along a line of flight for which control 
is to be extended. 
Vertical control Control which determines positions with respect 

to elevations only. 

Coordinates Linear or angular quantities which designate the 
position which a point occupies in a given reference frame or 
system. The distances parallel with the true North-South axis 
are called the y coordinates and the distances parallel with the 
true East- West axis are called x coordinates. 
Crab Angle between the edge of a photograph not being parallel 

to the line of flight. 

Cross tilt Relative tilt between the datum planes of two stereo- 
scopic models formed when a third projection is added to two 
existing projections. 

Culture Those features of terrain that have been constructed by 
man such as roads, trails, buildings, and canals ; also boundary 
lines ; and all names and legends, 
Datum A reference element, such as a line, or plane, in relation 

to which the positions of other elements are determined. 
Diapositive Positive print on glass used in projecting a view with 

a multiplex projector. 

Distortion One of the abberations of a photographic lens which 
causes images to be relatively displaced from their true position 
as occurring in nature. This deformation is normally symmetri- 
cal about the optical axis of the lens. 

I Dodging disk Disk inserted between the lower pressure plate 
I and the diffusing glass of a reduction printer to compensate for 
other than annular changes in density in an aerial photograph 
negative. See compensator lens. 
Equivalent focal length See focal length. 



Floating mark A mark in the center of the tracing tablt 
is physically raised and lowered within the spatial mode 
termine the elevation of ground points. 

Focal length: 

Calibrated focal length An adjusted value of the equivale; 
length so computed as to distribute the effects of lens di* 
over the entire field used in the aerial camera. 

Equivalent focal length The distance measured along t 
axis from the rear nodal point to the plane of best avera 
nition over the entire field in an aerial camera. 

Focus Characteristic of a photographic lens. A lens is sa: 
in focus when the lens is so placed with respect to the 
plane that best definition of the image results. 

Forward lap See overlap. 

Horizontal control See control. 

Horizontal parallax See parallax. 

Horizontalization Leveling of the spatial model, bringing 
agreement with vertical control. Horizontalization is a 
absolute orientation. 

Hydrography The plotting on a hydrographic map of the 
raphy of the shores and banks, the depths of soundin 

lap, such as contours and contoi 
lief. See cartography and plan 
See orientation. 
Manuscript original completed work of multiplex topog] 

or compilers. See compilation and topography. 
Model See stereoscopic -model. 
Multiplex extension Cantilever extension by means of th( 

plex equipment. 

Multiplex projector See projector. 
Nadir point That point at which a vertical line throu 

perspective center of the camera lens pierces the plane 

photography. 
Negative A sensitized plate or film which has been exp 

a camera and has the lights and shades in inverse order 1 

of the original subject. 
Model point One of two points on the optical axis of a L 

svst.pm rv 



Optical axis The optical axis of a lens is a straight line which 
passes through the centers of curvature of the lens surfaces. 
In a compound lens, if the centers of curvature of all the com- 
ponents were to lie in one straight line, this line would be the 
optical axis of such lens. This exact condition is rarely obtained 
in practice. 
Orientation: 

Absolute orientation Fixes the scale, position and orientation 
of two or more multiplex projectors with reference to the 
ground coordinates. 

Exterior orientation A set of quantities which fixes the posi- 
tion of the camera station and the angular orientation of the 
photograph. Such a set consists of three elements of position 
and two elements of angular orientation. The position is 
usually expressed in terms of three rectangular coordinate 
distances, x, y and z. The elements of angular orientation are 
essentially the tilt of the photograph perpendicular and the 
azimuth of the principal plane. 

Interior orientation Centering of the diapositive in a multiplex 
projector by bringing the principal point of the diapositive 
into coincidence with the principal point of the projector. In- 
terior orientation is an attempt to duplicate in the projector 
the cone of rays which was captured by the aerial camera lens 
at the instant of exposure. See principal point. 
! Relative orientation Orientation of one multiplex projector 
| with reference to another to produce the relative relationship 

i of the taking cameras. 

! Overlap Amount by which one photograph overlaps the areas 
covered by another, customarily expressed as percentage. The 
' overlap between aerial photographs in the same flight is dis- 
tinguished as forward lap, and the overlap between photographs 
; in adjacent parallel flights is called side lap. 
I Overlay A record on a transparent medium to be superimposed 
i on another record. 

Parallax The apparent displacement of the position of a body 
with respect to a reference point, or system, caused by a shift 
in the point of observation. 

Absolute stereoscopic parallax Considering a pair of truly 
vertical photographs, of equal principal distances, taken from 



Residual parallax Small amounts of y parallax which may re- 
main in the model after relative orientation. 

x parallax or horizontal parallax Synonymous with absolute 
stereoscopic parallax; also used in multiplex operations to de- 
note the component of distance between two point images in a 
direction parallel to the vertical plane containing the base line. 

y parallax or vertical parallax The difference of the perpendicu- 
lar distances of the two images of a point from the vertical 
plane containing the base line. 

Pass point A point whose horizontal and vertical position is de- 
termined in the multiplex model, and which is intended for use 
after the manner of a ground control point in the orientation 
of other models, or for maintaining the scale of a strip when 
passing from model to model in multiplex triangulation. 

Perspective center, perspective point The point of origin of a 
bundle of perspective rays. In a survey photograph the rear 
node of the lens is the perspective center of the photograph and 
the front node of the lens is the perspective center of the object. 

Photo grammetry The science and art of obtaining reliable meas- 
urements from photographs. 

Photograph A general term for a positive or negative picture 
made by a camera on plate, film, or other medium. 

Picture point-^-A point, the exact location of which can be readily 
identified on the aerial photographs used in photomapping. 

Planimetry Parts of a map which represent everything except 
relief, that is, works of man and natural features such as woods 
and waters. 

Plate pair See stereoscopic pair. 

Plotting scale The scale of the multiplex model or the scale at 
which the map is compiled. 

Principal distance In the multiplex projector, the distance from 
the rear node of the lens to the apparent plane of the diapositive 
or the physical distance from the rear node to the top of the 
stage glass corrected for the thickness of the stage glass. In 
general, it is the perpendicular distance from the perspective 
center to the plane of the negative photograph, or diapositive. 

Principal point Foot of the perpendicular from the inner node 



Stereoscopic pair Two photographs of the same area ta 

different camera stations in such a manner that a port 
area appears on both photographs. 
Stereoscopic triplet Two successive stereograms or stt 

pairs in the same flight or strip. 
Stereoscopic vision See stereoscopy. 
Stereoscopy The science and art which deals with si 

effects and the methods by which they are produced. 
Binocular vision Simultaneous vision with both eyes. 
Stereogram A stereoscopic pair of photographs or 

tical position of the features represented; distinguis 
Stereoscopic fusion That mental process which combine 

perspective images on the retinas of eyes in such a n 

to give a mental impression of a three-dimensional 
Stereoscopic vision That particular application of bin 

sion which enables the observer to view an object or t 

ent perspectives of an object (as two photographs is 

different camera stations) so as to obtain a mental ii 

of a three-dimensional model. 
Swing Rotation of a multiplex projector around its ver 

Rotation of a photograph in its own plane around 1 

graph perpendicular. 
Tilt The angle between the plane of the photograph anc 

zontal plane normal to the plumbline. See x tilt and y 

Topography Natural configuration of the surface of tt 
including relief, woods, and waters. 

Topographic map A map which presents the horizonta 
tical position ofthef eatures represented ; distinguis 
the planimetric map by the addition of relief in measur 

Tracing table Piece of multiplex equipment used for vi 
stereoscopic model, measuring the elevations in that r 
compiling the detail on a map plot. 

Transverse axis The axis of rotation for which there 
placement in the projection plane of an image in the c 
plane when the lens is rotated. The transverse axis 
the optical axis at a point through which passes the 11 
an object and its corresnondine- r>roier.tfid imae-e. The 1 



Wide angle lens A photographic lens having an unusually large 
angular field. There is no definite division point between an 
ordinary and a wide angle lens, but, in general, a wide angle 
lens has an angular field of greater than 80. 

x motion Movement of a multiplex projector along the multiplex 
base bar. 

x parallax See parallax. 

x tilt Rotation of a multiplex projector around the x axis, or 
that component of tilt in a photograph which is perpendicular 
to the line of flight. 

y motion Movement of a multiplex projector along- a line perpen- 
dicular to the multiplex base bar. 

y paralla.x See parallax. 

y tilt Rotation of a multiplex projector about the y axis, or that 
component of tilt in a photograph which is parallel to the line 
of flight. 

z motion Movement of multiplex projector in a vertical direction. 
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